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FOREWORD
.
This final report has béen prepared in accordance with
requirements of NASA Contract No. NAS2-9985 to present the
results of a six-month study for the Ames Research Center by

Martin Marietta Corporation, Denver Division.
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EXECUTIVE SUMMARY .

Saturn's largest moomn, Titan, is a totally unique plametary
body which is certain to yield exciting new phenomena. Titan is"
sufficiently cold and masSive to retain a substantial atmosphere,
composed largely of reducing gases which are eommon in the -outer
solar system. These volatiles provide interesting possibilities
for chemical evolution of organic materials through photochemical
production, and their probable fallout to the surface leads to the
need for chemical characterization of both the thO?P§Q¥e and sur-
face of Titaﬁ. Although current knowledge of Tftan's'hthSphere
is sopewhat uncertain, a more accutate atmospheric definition’
will be possible before'a program start based on new*raéie-estron—
omy interferometry measurements and results of Pioneer 1l-and™’
Voyager flyby of Titan in’ 1979 and 1980. Current informatidn is
_not sufflciently detalled to dlstlngulsh.between a thin methane
rich atmosphere and a thlck nltrogen rich atmosphere., Therefore,
both the thin and thick atmospherlc models were used for the study

of wvarious Titan probe classes descrlbed in this report.

The objective of th;e s;pdy was to define the technical require-
ments, conceptual design, saience return, schedule, cost and mis-
sion 1mplicat10ns of three probe classes that could be used for-
the exploratloe of Titan, . The three probe classes considered by
the study were based on a wide range of exploration mission POS—

sibilities and are summarized as follows:

o Class A ~ Atmospheric Probe with atmospheric science
only.
o Class B — Atmospheric Probe/Lander - capable of pre-

entry, atmospheric, and limited surface
science,

o Class C = Atmospheric Probe/Lander - capable of pre-
entry, atmospheric and expanded surface

science with extended mission duration.

vi



Thisistuqxﬁgnpgs‘phggﬁgheiglaggTB:BrghgAL@QQE;;iSTa'vgg?
g;acticalpi;gag-gxpiq;atiﬁﬁlVeﬁiqlg} It provides an exciting
low-risk scientiﬁic*mis§ion for a tqta; probe cost of $70-80 M,
(1978 dollars). : No new tecﬁnblogf developments are required, in
fact considerable use can be made from hardware inheritéd_f;om 1
the Pioneer Venus and JOP"progfams., )
The Titan probe mission will be launched in-conjunction with -
the ‘Saturn orbiter .and Saturn probe'(SOPZ). The Shuttle wigh the
Solar Electric Rropulsion Stage will launch the orbiter and probes
in January.of 1987 with an arrival in November of 1993. . In the.
current mission scenario, the' Saturn-orbiter will release the
Saturn probe ‘on initial approach and the ‘Titan probe will be
released from Saturn orbit in a subsequent..-pass. After relgase
from Saturnhorbit,fthéjP§9b¢¥gg;gi;ﬁélbciﬁyléikTiﬁagjiq‘abggp:-
4.5 ki/§ or slightly less .thanthe Viking lander entry wvelocity -
at ‘Mars. Becauseé 'of the lbwer-gravity on Titan and the atmosphere
characteristics, the entry environment is- less severe on Titan.

than on Mars. - s T . . - .t RN #

Bec;uéé.éf:the Tatée undertiinties in the Titan atmsophere - *
aq& surface ;haracﬁefiétiés, mény probe éoﬁfiguratioﬁ'trade'dffé
wéré‘done which fncludeﬁ'ﬁarioﬁg combinations of éntry shapes?
pagéchufes,’aéééeﬁf éhaﬁéé, and hard and soft landers. From |
these trades a basic hard lander configuration was selécted which'
provides a practical design approach foX both lander classes.

'Phis :éonfiguration is typified by the Class B probe/lander which-
is described briefly'in the. following paragraph..

Emphasis was placed on the Class B probe which meets the basic
science requirements established by the Space Science Board (1975}
and the Reston Workﬁhop«éﬁ:the Saturn System (1978). The Class A
and Class C probes provided bagic technical, science return and
cost trade. data for use in future mission and program planning
and in understanding the relative merits of the Cléss_szrobe.

The descent sequence, science payload, and probe configuration


http:in-January.of

are illustrated in Figures 'l and 2. The basic probe configura~
tion includes a 70~degree half angle cone aercshell with a spher-
ical base cover. The pre—entry science toroidal module is in
place ‘in the pre-éittry illus%rétion'which'iists'Ehe pre-entry
science payload complement. The module is ﬁettisdned prior to
entry and, after entry in the thin atmospheric model case, the
parachute is deployed to slow the vehicle and allow sufficient
time for descent science measurements. (No parachute is required
for ‘the thick atmospheric model case.). At parachute deployment,
a nose cover ig also deployed from the center of the heat shield,
exposing the atmospheric sample dinlets :and descent camera. The
sample inlet is extended slightly beyond the heat shield.boundary
layer to-obtain uncontaminated--samples. :The parachute is jettji-
soned prior to touchdown and the probe is allowed to free fall to
the surface.. The crushable honeycomb aeroshell attenuates the
landing impact, provides good impact stability and low penetration
on hard’ or snowy surfaces, and flotation on-a liquid surface.
After touchdown the surface science implementation sequefce is
begun in whlch the 1mag1ng and meteorology mast 15 deployed up-
ward and the surface sample core drlll is extended downward. The
primary surface sclence data are transmltted to the orblter within
the firxst 90 mlnutes and secondary data are transmltted until the

orbiter, trayels to the horlzon or out of range.

Study Results - A broad range of probe classes and mission
alternatives were evaluated-as a function of the large environ-

mental uncertainties with the following results:

o Titan Probe Masses:

2

Thick'AtmoSphere' Thin Atmosphere
- (30% Probable-Surface) -
Class A 114 kg 113 kg
Class B 226 227
Class C 351 355



_ — lon Mass Spectrometer
— Retarding Potential Analyzer
— Electron Temperature Probe G

>,

- — Gas Chromatograph
— Descent Imagery

Figure 1 Class B Probe/Lander Entry and Descent Sequence
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Figure 2 Class B Probe/Lander Configuration

ix




Titan Probe Program Costs;

Class A $40 - 50 M
Class B $70 - 80 M
Class C $90 -105 M

Impact of thin versus thick (30% Probable Surface) atmos-

phere on design is minimal.

Thick (10% Probable Surface) atmosphere increases Class B
probe design weight by 30Z.

32-day extended mission time increased Class B probe
weight by 10Z.

Hard lander configuration provides:

~ Practical design for all lander classes,
- Good impact stability,
- Low penetration on ice or snow, and

- TFlotation on liquid surface.

Conclusions - Based on the study results, the following con-

clusions were made:

0

All probe classes are feasible for both the thick and

thin atmosphere cases.

The hard lander concept is a practical design approach for

the Class B and C probe/landers for either atmosphere.
The primary mission design drivers are:

- Atmosphere uncertainty,
- Surface physical characteristics uncertainty,
- Eight year flight time, and

- Data volume required to support imaging.

No major new technology drivers are required.




o Major hardware uncertainties are:

~ Surface sample acquisition at low ambient temperature
(70-100°K). )
- Properties of mechanical devices and materials at low

ambient temperature.

Recommendations - Recommended areas for future study include:

1. Titan physical properties model including atmosphere,

surface, and light level uncertainties,

2. Seclence sample acquisition and handling at ;ow cryogendic

temperatures,
3. Pre-entry science implementation, and

4, Tmpact on probe system design of direct entry rather
than out-of-orbit entry as baselined in the current

study.

xi
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INTRODUCTION

The growing interest in Saturn and its largest moon, Titan,
has resulted in the definition of exploratory science objectives
for Titan from the 1975 NAS/SSB Report on Space Science and from
the 1978 Reston Workshop on the Saturn System. From'the worﬁshops,
two extreme atmosphere models were proposed by Drs; Donald Hunten
and John Caldwell as being the best candidates for'déscribing the
actual range of atmosﬁheric parameters possible on Titan. These
models provide the basis for probe system design in Ehis siudy.
In addition, both vehicle and mission studies of Saturn orbiter
and probe systems have been completed by NASA Ames and JPL.
Martin Marietta, under contract to NASA Ames, conducted a Titan
exploration study in 1976 which investigated probe designs and
technology requirements. JPL has completed Saturn orbiter and

probe mission studies in 1975 and 1978.

This report describes the results of an evaluation of entry
and landing probes for the exploration of Titan. The purpose of
the study was to define technical requirements, conceptual designs,
science return and schedule/cost implications of three probe
classes designed for the large uncertainties in the atmosphere
and surface of Titan. Greatest emphasis was placed on the inter-
mediate type Class B design which is a combination atmospheric
and lander probe. The Class A is a simple atmospheric probe and
the Class C is a more complex combination atmospheric and lander

probe with expanded surface science and extended mission duration.

The study responsibility was divided into three areas: NASA
Ames provided program managemeni and science definiﬁion, JPL pro-
vided mission analysis and orbiter/probe trajectories, and Martin
Marietta provided probe mission and system design engineering

functions.

The scope of this study did not include the resources necessary

to investigate various missions and, therefore, an out-of-orbit case



only was considered. However, during the ecourse of the study other
nission options were defined that are worthy of further investiga-
tion. TIn particular, the direct entry mission should be investi-
gated in future studies. The Titan probe could be released during
the initial encounter with a direct entry into Titan which could
re-sult in a considersble reduction in required orbiter propulsion.
The Titan probe weight increase due to direct entry would bé small
compafed to the saviﬁgs in orbiter weight, however, this approach

would-present increased operational complexity.
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MISSICON OVERVIEW

The Titan probe mission will be launched in conjunction ﬁith
the Saturn orbiter and Saturn probe (SOPZ). The Shuttle with the
Solar Electric Propulsion Stage (SEPS) will launch the orbiter and
probes in Janué?y of 1987 with an arrival period of November 1993.
The baseline mission scenario includes Saturn probe release om .
approach and.orbit imsertion into an initial capture orbit peri@d
of 160 days with subsequent Titan flybys which are used to pump
the orbits down to a 48-day period and, fimally, into a 32-day
period which has an orbit resonance with Titan of 2 to 1. This

portion of the mission sequence is illustrated in Figure TI-1.

.Optical navigation is required to obﬁain the necessary accura-
cies for these orbital maneuvers and the multiple encounters with
Titan further reduce navigation uncertainties. The Titan probe is
released from the 32-day period orbit about 10 days prior to en-
counter and entry for completion of the probe mission. The orbiter
may remain in the 3?—Qay period orbit for a series of re—encounters
with the p;obe/laﬁder dependﬁng on which probe.class mission is
being flown. The baseline Class A and B probe,ﬁissions are com—

pleted.on. the initial encounter whileé the Class C probe mission

requires several re-encounters to complete.

Figure II-2 illustrates the Titan probebé@counter and entry
geometry relationship with the orbiter. The probe and orbiter-
approach Titan in a retrograde trajectory and entry occurs near
the subsolar region ét‘about 10:00 AM local time. This entry con-
dition was dictated b;=the science requirement for a light skde
entry. Titan has a very low rokational rate since it is assumed
locked onto Saturn‘and therefore makes one revolution in 16 days.
The effect of a retrograde entry on the probe entry velocity is
small, i.e., an inecrease of about 12 m/sec above the eniry veloe—

ity of 4.5 km/s.

IT-1
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Figure II-1  Titan Encounter Geometry (Typical)

Launch Date: Jan 1987 ; ~ .7~ L Initial Orbit: 160 Days

Arrival Date: Nov1993 = - L /®\_ 2nd Orbit: - 43 Days
o k . ' Succeeding Orbits: 32 Days
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20. 4 RS ' -
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Figure II-2

Entry at Titan

7E = =30 deg

VE = 4,55 kmls

RE = 3200 km

Maximum Deceleration = 3.6 ¢

Touchdown §

O Entry Probe

 Trajectory

. Orbiter

— Touchdown T “Entry Trajectory




The probe is released from 5 to 10 days prior to entry and
the orbiter is timed to lag the probe by about 30 degrees of
longitude at probe entry in order to optimize the communication’
link geometry during probe descent and surface operation. At an
entry radius of 3200 Lkm, the probe enters at a nominal fiight
path angle of -30 degrees and a relative velocity of 4.55 km/s.
The orbiter flyby radius of closest approach is a function of
" the atmospheric model and varies from 6.1 RT {Titan radii) to
12.6 RT for the thin and thick atmosphere models respeciively.
Figure 1I-3 illustrates the orbiter encounter relationship from
a Saturn centered reference. 8Since Saturn is the system center
"of mass rather than Titan, the encounter relative geometries
are rather unusual. The orbiter does not approach Titan on the
more famiiiar hyperbolic trajectory but, instead, passes by on

a nearly linear trajectory.

The orbiter mission analysis, orbit determination, and en-
counter trajectory analysis were performed by JPL and the
detailed encounter data used in this study are presented in

Appendix A of this report.

The probe entry and descent sequence is sumparized in Figure
IT-4. The atmosphere model has a significant impact on the mis-
sion sequence and timing as reflected in the descent times. All
three probe classes under study have identical entry and descent
time histories for each atmosphere model since they have been

designed with the same ballistic coefficients (m/CDA).

A typical Titan probe entry and descent sequence of events
is indicated in Figure II-4. The probe is spin stabilized and
oriented in inertial space by the orbiter so that it will have
a nearly zero angle of attack during the pre-entry and entry
phase. The probe is then released from the Saturn orbiter about
-5 to 10 days prior to entry. A warmup sequence is begun 5 hours
prior to entry to assure that the reference oscillator in the

communication subsystem is well stabilized. The pre-entry science

I1-4
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Figure 1I-4

Missjon Entry/Descent Sequence - Typical
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instruments (Class B and € probes) are calibrated and pre—entry
science data are measured for about 33 minutes as the probe
descends through the upper atmosphere., At a signal from the
accelerometer triad, the pre-entry science module is jetfisoned
and the probe enters. After entry when the probe slows to about
a 0.8 Mach number velocity, a parachute is deployed (in the case
of the thin methane atmosphere) to further slow the probe to
allow sufficient time for mgking science measurements and pro-
cessing the atmospherie samples. At the time of parachute deploy-
ment the protective covers are jettisoned from the science instru-
ments. At an altitude near the surface a radar altimeter signals
release of the parachute and the probe vehicle free falls to the

surface for a hard landing of nominally 300 g.

As shown in Figure YI-4 the descent times are drastically
affected by the atmosphere models assumed for the study. The
atmosphere models are unrelated in that the thin atmosphere is
neﬁggy‘loO% methane and the thick atmosphere is essentially 100%
nit¥ogen. The thick atmosphere density and extreme'surface joca~
tion result in a total descent time of about 8.5 hours compared to
a descent time of barely 7 minutes in the thin atmosphere without

a parachute and 25 minutes with the parachute,.

The surface sequence depends on the probe class, Class A is
a simple atmospheric probe, Class B is a combindtion atmospheric
and lander probe, and Class C is a combination atmospheric and
"lander probe with expanded surface science and extended mission’
duration. The Class B lander transmits data from the surface
only at imitial encounter,whiie the Class C lander also meaBures
and stores science data while the orbiter is out of sight for

later transmission at orbiter re-encounter.

I1-7
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IIiI.

SCIENCE REQUIREMENTS

INTRODUCTION -

Tltan, the largest moon of Saturn 15 a totally unlque planeu
tary body, oertaln to yleld exc1t1ng nEW‘phenomena. Tltan is sufi~
flclently cold and ma531ve to retain a substantial atmosphere,
composed 1arge1y of reduc1ng gases Whlch are common in the outer
solar system. These volatiles provide 1nterest1ng possihilities
for chémical’ evolution 'bf organic materials through photochemical

production, and their ‘probable fallout to the surface leads' to

‘the ‘need for chemical characterizatidn of both the atmosphére and

surface of Titan. The benign pre-entry envircoment allows study
of energy sources for .the formation of organic chemistry, and the
radiative and dynamic state of .the atmosphere, will provide inter—
esting comparative data .since -it is intermediate between.that of

Earth and Venus. Although current knowledge of Tltan g atmosphere

‘15 soiewhat uncertaln a more accurate atmospheric deflnltlon will

1
be possible before a program start based on new radio astronomy

interferometry measurements and results of Pioneer 11 and Voyager
flyby of Titan in 1979 and 1980. TFor this study both a thin

methane rich atmosphere and a thick nitrogen rich atmospheie model

were included.

The science payload complements for each probe class were
selected to give a significant spread in science return between
each class in order to more clearly evaluate the impact of science
return on configuration design and cost. The NASA/ARC study
scientlst was responsible for this selection and his recommenda-
tions were based on results from the Space Science Board (1975),
the Reston Workshop on the Saturn System (1978), and on numerous
discussions with planetary scientists throughout the country.

As the study progressed, the initial scienoe payload complement

evolved in both definition and content.

III-1



In most atmospheric science cases, science instrument defi-
nitions were cbtained from Galilec probe instruments. Additional
instrument definitions were baséd'on the Pioneer Venus .orbiter and
probes, on the Viking lander, or on instruments proposed for a

. ﬁérs penetrator mission. some‘of the more complex surface science
instruments, such as the wet chemistry/oéone~anaiysis device
1ncluded on the expanded payload Class C 1ander were based on

follow-on Vlklng rover studies performed by Martin Marletta.

The science payload complement by probe class is shown in
Table I1I-1, the data requirements. are shown in Table I1I-2, and
-the physical characteristics of weight, size and power are.given
in Table TII-3. - . S

° The science instruments are grouped into pfe—ent;y,'atmoé4
pheéric, surface, and: alternate categdries and discussed under

these headings in the following sections.  ° e T

3

In addltlon,.sclence implementation and integration into the

probe are dlscussed in Section V C.

II1-2
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Table III-1 Science Payload Complement by Probe Class

Probes

Instrument Class A Class B Class C  Heritage
Pre-entry

T. Neutral Mass Spec (1-46 AMU) X X PV (Orbiter)

2. ION Mass Spec X X PY (Orbiter)

3. Retarding Potential Analyzer X X PY (Orbiter)

4. Electron Temperature Probe X X PV (Orbiter)
Atmosphere

1. .Atmosphere Structire Instrument X X X Galileo

2. Multispectral Radiometer X X X Galileo

3. Nephelometer with Differential Thermal Analyzer X X X Galileo

4. MNeutral Mass Spec {1-150 AMU Required)* X X X Galiteo, Viking

5. Gas Chromatograph X X X* ARC

6. Descént Imagery X X Penetrator

7. Doppler/Wind (Stable Osc.) X X X ARC
Surface

1. Impact Accelerometer X X Penetrator

2. Composition {Mass Spec & Gas Chromatograph,

250 AMU) X X Viking

3. Meteorology X X Penetrator

4, Surface Imaging X X MP, JPL

5. Passive Seismometer X Viking

6. Microscope X Langley, Viking,

New -

7. Precipitation Experiment X New

8. Active Wet Chemistry "Ozonanalysis" X Viking

9. Alpha-Backscatter X Turkovich
Alternate - Surface .

1. Balloon Sonde X Earth, Venus

%¥Class B and C use Surface GCMS for Atmosphere Measurement

Studies, New
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Table III-2 Science Payload Complement Data Requirements

Instrument

Data Requirements

Pre-entry
1. Neutral Mass Spec (1-46 AWMU}
2. ION Mass Spec
3. Retarding Potential Analyzer
4, Electron Temperature Probe

Atmosphere

Atmosphere Structure Instrument

Multispectral Radiometer

Nephelometer with Differential Thermal Analyzer
Neutral Mass Spec (1-150 AMU)*

Neutral Mass Spec (1-250 AMU) (B and C*)

Gas Chromatograph

Descent Imagery

. Doppler/Hind (Stable 0Osc.)

face

Impact Accelerometer
Meteorology

Surface Imaging

Passive Seismometer

Composition - GCMS* (250 AMU)
Microscope

Precipitation Experiment

Active Wet Chemistry "Ozonanalysis*
Alpha-Backscatter

cernate - Surface
T. Bailloon Sonde

Su

e WO WN—"3 =~ S wWwhrd—3

Al

6 BPS
6 BPS
18 BPS
6

31 Bits/km
77 Bits/km
60 Bits/km + 400 Bits/Scale Height
25,000 Bits Total .
42,000 Bits Total
10,000 Bits Total
1.08 X 106 Bits/Picture (2 Minimum)
N/A

60,000 Bits Total
0.2 BPS
4 X 106 Bits/Picture (Color) -

2 BPS Low Rate, 40 BPS Event
130,000 Bits/Sample, 10 Samples
2 X 106 Bits/Picture -
60 Bits/Sample, 100 Samples
130,000 Bits/Sample X 4
30,000 Bits/Sample, 10 Samples

10 BPS

*Class B and € use Surface GCMS for Atmosphere Measurement with Rande Restricted to 150 AMU
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Table [II-3 Titan Probe Science Complement Characteristics

WEIGHT MARGIN
. ! WEIGHT TO.BE ADDFD VOLUME SHAPE TOWER
IRETRUMENT - HERETAGE A B c KG) (&) (cidy )
PRE-ENTRY .
Neutral Mass Spec (l-46 AMU) Vo - X X 4.3 10 4260 | -~ 11,2
Ion Mass Spec “ Orbitex X X 2,9 10 4425 | -~ 1.5
Retarding Potentlal Analyzer X X 2.7 10 4b4Q | -- 2.8
Electron Temperature Probe X LR 2.0, 10 2050 | -- 4,0
ATHOSPHERE v . B
Atmospherie Structure Instrument Galilep~ X X 4 2.0, a0 3100 | -- 5,5
Maltispectral Radiometer Probe X X X 2.5 30 3500 | =~ 4L 6
Nephelometer with Differentizl Thermal Analyzer X X X 2.5 30 3800 | -- 2.3
Neutral Mase Spec (1-150 AMI) X i 9.0 20 12000 | -~ (* 12.0
Neutral Mass Spec (1-250 AMU) . Y | X X 13.5 20 18000 | --<4Class C Uses 18.0
Gas Chromatograph : Viking X X- X 6.6 30 6500 | -- {Suxface GCMS
Doppler/Wind (Oxbiter Monitors Transmitter’ - X X X 0.0 30 - 5,0/20 Minutas,
Signal) . . . ) 2.0/280 Minutes
Descent Imagery Hew(ARC) X X 0.25 iR+ I 170 | -- K]
SURFACE - ,
Impact Accelerometer New{ARC) X X 0.03 20 30 - - .03
Oomposition (Usco Atmocpheric Mass Spee 250 - X 30 -- -- -
and Atmospheric Gas Chormatograph) R . . I
Moteorology . Yiking X X 0.3 10 300 | -- . ..075
Surface Imaging Viking b X 3.0 30 1854 -- 4,0
Active Wet Chemilstry (Ozonal) viking " "X 15.0 30 27400 |+ Front end oniy - 4 15,0
. - - Detector is GCMS
GCMS (Viking Type) Viking . - X 18.8 30 26500 - 10.0 Heater, 60.0 GCMS
Pagsive Selsmometer R Viking "X 2.23 20 3670 4.0
Microscope - LRC Study "X - 1.0 30 154 "L, 1"p 1.0 Preamp .
Alpha Backsecatter New X 2.0 20 2220 == 5.0
Precipitation Experiment Galileog~ X 2,5 30 4000 - 5.3
Probe
Totals (K&} 22.6 42._58 78.51
ALTERNATES [
Balloon Sonde . Eacth = . ) X 21.0 " 30 37059 12" (Tank), 100/10 Minutes - Heater
Sondes 12"p X 12" L Cylinder -
for Gondola + Ballooa




PRE~-ENTRY SCIENCE

1. Objective - The objective of the pre-entry science measure-
ments 1s to characterize the structure, composition and ionization

of the Titan upper atmoﬁphere and ionosphere.

2. Requirements - The pre-entry science instruments required
to meet the above objective include:
o Neutral Mass Spectrometer
o Ion Mass Spectrometer !
-0 Retarding Potential Analyzer
o Electron Temperature Probe
The mass spectrometers are required to measure a mass range of

1-46 AMU.

The pre—entry science measurements are requiﬁed from a minimum
of about 5000 km altitude above the surface down to the continuum
atmosphere where the entry aerodynamic bow shock forms. For Titan,
the entry altitude is about 500" 600 km above the surface depending

on the atmospheric model assumed.

The pre-entry science insg;ument data requirements are given in
Table ITI-2 and the physical characteristics are given in Table
TII-3. The characteristics for these instruments are based on
Pioneer Venus orbiter and bus upper atmosphere instruments, and

the data rate requirements were scaled'from‘previously developed

‘ requirements for a Jupiter probe. Differences in approach velocity

and flight path angle were taken into account.

The weight for each instrument on Table ITI-3 is representative
of actual weights for identical or similar devices. Note, however,
that a "weight margin to be added" is listed for eazch instrument,
This weight margin varies from 10% to 30% depending on the estimated
maturity of each instrument in this future application. The margin
applies more to the instrument integration and sample acquisition

design than to the instrument itself.

ITI-6



The neutral mass spectrometer operates in the ionosphere and
upper atmosphere and measures the neutral constituents up to a
mass of 46 AMU for comparison with the lower atmosphere neutral

mass spectrometer data to characterize the total Titan atmosphere.

The ion mass spectrometer operates in the ionosphere to deter-
mine the ionic abundances and provides distribution data as a

function of altitude.

The retarding potential analyzer samples the ionic species
through the magnetosphere and ionosphere to determine the ion
concentrationsy ion temperatures, drift velocities and energy

distributions.

The electron temperature probe (Langmuir probe) obtains electron

number density and temperature through the donosphere.

ITT-7



ATMOSPHERIC SCIENCE

1. Objective — The objective of the atmospheric science meas-
urements is to characterize the atmospheric structure, bulk compo-

sition, cload vertical distribution and composition, and winds.

2. Requirements — The atmospheric science instruments required

to meet the above objective are as follows:

o Atmosphere Structure Instrument

o Multispectral Radiometer

¢ Nephelometer with Differential Thermal Analyzéer

¢ Neutral Mass Spectrometer (1-150 AMO)

o Gas Chromatograph

o Doppler/Wind (stable oscillator)

o Descent Tmagery (supports cloud imagery and suréace

science)

The data requirements and physical descriptions for these

instruments are given in Tables TITII-2 and I1I-3.

The atmospheric structure instrument consists of an accelerom—
eter triad, and pressure and temperature sensors. Deceleration
and pressure data are required throughout the entry and descent

phase and temperature data is required during descent.

The multispectral radiometer includes both UV and visible light

channels. It requires about a 90-degree field of view out and up.

The nephelometer measures cloud particle (aerosol) reflectance
and density of particles while the differential thermal analyzer
provides information on the aerosol composition. The differential
thermal analyzer (DTA) is a small quartz ecrystal with a resonance
frequency which is a very sensitive function of mass loading. It
is placed in or parallel to the nephelometer inlet stream, and
aerosol is deposited on the crystal. The crystal is heated, and

the mass loss at a given temperature is recorded. This unit must

ITI-8



be deployed 1nto the airstream after the entry heatlng period is

completed and functlons during Subsonlc descent to the surface.

The neutral mass spectrometer defines atmosphere and aerosol
composition and must ccver a mass range of 1-150 AMU. TIts.sample
acquisition device.is activated after entry and the spectrometer
operates during subsonic descent to the surface. A second mass
spectrometer is shown in the listings of Tables ITI-1 through -3
with a mass range of 1-250 AMU for the Class B and C probes. 1In
the case of the landers, the mass spectrometer is used both for
atmospheric descent measurements and surface composition measure-
ments, and a mass range of 1-250. AMU is required for the surface

measurements,

The gas chromatograph (GC) also provides composition measure-
ments for atmospheric gases and complements the mass spectrometer
information. The current GC designs require considerable time to
obtain, process and purge samples through lengthy columns (about
30 minutes for four snalyses). It has been estimated by Dr. V.
Oyama of NASA/ARC that technology appropriate to the Titan mission
would allow use of a GC with mass, volume, power, and sample time
decreased by a factor cf 4-10 over current state—of-the-art designs

such as that_used in this study.

The descent imagery requires a framing camera (snapshot to
stop movement) with sensitive light detection. A CCD (charge
coupled device) imaging camera is appropriate for this applica-
tion. The estimated surface illumination at the Titan subsolar
location is a maximum of about .009 W/mZ and possibly less by a
factor';f 2 due to cloud layers. By comparison, Venus surface
illumination was measured by the Venera lander at about 40 W/m2
and a moonlight night on Earth is about .003 W/m2. A minimum of

two images are required with more desired.
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For the Doppler/wind tracking experiment, the telemetry trans-—
mitter oscillator on the probe requires a 3 x 10_10 rms phase sta-
bility during the descent period. The orbiter receiver must be
capable of detecting frequency shifts .of this order -of magnituade,
The oscillator requires a warm—up time of a minimum of five hours
of which the first 20 minutes requires 5 W of power and the remain-—

der requires 2 W.
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SURFACE SCIENCE

1. Objective - The objective of the surface science is to deter-

mine the composition and structure of the surface and interior, and the

properties of organics and precipitants. The surface science also
gsupports the atmospheric science through use of a meteorology experi-
ment which measures local near surface atmospheric pressure, tempera-

ture and winds.

2. Requirements - The surface science instruments required to
generally meet the above objectives are as follows:

o TImpact accelerometer ,

o :Composition using mass spectrometer and gas chromatograph

o Meteorology

o Surface imaging

The expanded surfacé science payload, which can provide more
definitive data,'but is not necessary for a basic understanding of
the planet, is as follows:

¢ Passive selsmometer

0o .Microscope

o Precipitation experiment

o Active wet chemistry "ozone analysis"

¢ Alpha-Backscatter experiment

The data requirements and physical descriptions for these instru-

ments are given in Tables IIT-2 and III-3.

]

The impact accelerometer must have a range from 0 - 3930 m/s2

i -

(400 g's). The hard lander is designed to sustain a maximum decel-

eration of 2945 m/s2 (300 g's) on impact with a solid surface. The

impact accelerometer stroke time history at impact should provide
some information on the surface hardness. The surface may vary in

consistency from solid ices to snow to liquid.

The surface composition instrument uses both a mass spectrometer
and a gas chromatograph. The same instruments are also used for

atmospheric composition measurements during descent. This experi-
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ment requires devices for sample acquisition and sample processing at
pre~-selected step wise temperatures up to 2 to 3 X 100 K in a sealed
oven S0 that gaseous products can be carried into the detecting instru-
ments. In addition, suitable manifolding is required to deliver the
gaseous samples either to the GC and MS in parallel (separately) or

in series first through the GC and then into the MS. The MS must

have a -mass range from 1-250 AMU in order to cover the anticipated
range of surface materials which may include ices, clathrates, and
organic material. A discussion of methcds of implementing this sample
acquisition system is presented in Section VD 1. Additional experi-
ments for measuring composition are also discussed later in this sec-
tion under the expanded science payload. These instruments include

a precipitation experiment, a wet chemistry "ozone analysis™, and an

alpha-backscatter experiment.

The meteorology experiment includes sensors for atmospheric pres-
sure, temperature, and wind velocity and direction. The wind detectot
and temperature sensors should be mounted at least 1 meter above the

surface, The descent pressure sensor is also used for this experiment.

The surface imaging requires a high quality color image (three
black and white with appropriate filters). The imager may be a CCD
type or a facsimile type camera. With a CCD the analog data is read
directly into an analog delay line buffer device just as in the des-
cent imaging equipment and then the data is digitized and transmitted
to the orbiter. The facsimile type camera is scamned at such a rate
that the data is transmitted directly to the orbiter as it is generated
and, therefore, a large scale buffer or data storage is not required.
With appropriate filters both color data and infrared spectral infor-
mation are obtained from the sensors. For the facsimile camera, imag-
ing is accomplished by a helical scan of the field. Horizontal lines
‘extend for a full 3600 while vertical range of scan is 90°., Nine hun-
dred (900) horizontal lines representing a field of view of 360° x 9Q°
is divided into 0.1° increments resulting in 108,000 pixels. With a
12-bit word per pixel and three images per color picture, a data

requirement of about 4 x 100 bits per color picture results, A dis-
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cussion of imaging implementation and light level requirements is

included in Seetion V C 3.

The passive seismometer.will provide information on the internal
structure of Titan if any events are recorded during the extended:
mission of the Class C lander. This period is a minimum of several
months. The seismometer is based on the Viking design which features
a standby low data rate mode and an event or high data rate mode
which is triggered by an event. It is desirable to place the instru-

ment in solid contact with the surface to provide effective coupling.

The microscope is a low power device which can provide useful
information about ice crystallography and inorganic grains and give
an indication of the "weathering'" history of the surface. Accurate
focusing is required since the depth of field is critically small

on this type of device. '

The precipitation experiment is included to determine what is
precipitated, when, how much, and how often. The instrument could be
turned on by a depositien sensor, or it could be periodically queried
for a non-zero response. For this sfudy a nephelometer type device
with a differential thermal analyzer element was assumed for weight,
power, volume, and data rate requirements. A more refined approach

requires additional study and development.

The active wet chemistry "ozone analysis" experiment complements
the gas chromatograph and mass spectrometer composition measurements.
It is intended to provide additional composition data by inducing
active chemical reactions between the surface samples and an oxidizer
such as ozone introduced in a sealed container. The output gases are

then fed into the inlet of the GCMS imstrument for detection.

The alpha~backscatter instrument also complements the GCMS com-
position measurements by providing elemental analysis (H, C, N, O
primarily) of the surface samples. The possibility of significant
surface pressures puts additional requirements on the alpha back-
scatter Instrument. Because of alpha particle absorption in the

atmosphere, the sample must be brought into wvery close proximity to
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the alpha source and detector or the atmosphere must be evacuated -
from the sample and instrument. The extremely leong mission dura-—
tion of 7 to 8 years requires that a new alpha source be found.
Current sources used in this application have half life periods
that are too short. Isotopes of Californium appear to be suitable

candidates.
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ATTERNATE SCIENCE

1. Balloon Sonde — The heliuwm filled balloon sonde was included as

an alternate experiment for the expanded science payload of the Class
C probe lander. This experiment provides a pressure and temperature
profile with altitude at a period in the diurnal cyecle which can be
selected to be different from the initial descent profile. For
example, the initial entry, descent, and landing target is near the
subsolar region where maximum light levels are desired for both
imaging and multichannel spectrometer experiements. An appropriate
launch time for the balloon sonde would therefore be on the night side
some 8 days after landing. A more ambitious balloon sonde might also
provide information on winds if the lander were equipped with neces—

sary tracking gear.

In the SOP2 Reston Workshop (1978), a Montgolfiere type solar-
powered, long-lived balloon concept was presented by J. Blamont of
CNES and the concept was endorsed for further consideration in the
Titan probe stidy. Further study of the balloon requirements in a
more realistic Titan environment was done by CNES just prior to start
of this study. A dust or aerosol optical depth less than three is
required for successful operation of the balloon in even the "thick"
atmosphere, at a pressure level of several hundred millibars. The
best current estimate of the total azerosol optical depth is 6-10 at -
visible wavelengths, and the pressure at optical depth 2 is roughly
only a few millibars even in the ''thick' atmosphere. Therefore, the
passively heated, long-lived balloon concept does not seem to be
viable in the Titan environment. A heated balloon has been suggested
by CNES, but this type of balloon would either be very heavy (=200 kg
including science), or would be very short-lived. In additiomn, further
research on balloon skin material properties is required. Therefore,
as further work on this balloon concept was beyond the scope of the
present study, it was recommended by NASA/ARC that no further effort
be devoted to incorporation of a Montgolfiere balloonm into the probe

missions to Titan at this time.
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TITAN ATMOSPHERE MODELS

The Titan atmosphere models used in the entry and descent analy-
sis were based on ‘data provided in‘Attachment 1 to the RFP, Reference
1 Two- -basic models  weré presénted im thé gbove reference, a thin -
model composed of '100% meth;ne and a thick model composed mostly of
nitrogen. The basic¢ characteristics of’ the thin model as given are

shown in Table TITII-4.

Table fFI—A Tﬁin'Mbdel Atmosphere (Methane)

..T 9% Pressure (mb) Altitude® (lom)
160 . 0.11, . 226 (2900-km R,)
78 ] 10 -0
78 17 (surface) -16

®#Altitudes are modified from the REP wvalues.-to

* « -satisfy the hydrostatic equation.

3

The basic characteristics of the thick (nitrogen) model are shown

in Table IIT-5. - ' T ‘

' Table TII-5 Thick Model Atmosphere (N,)

T OK - Pressure 'Aitiéude* {km) - . - -
- 160 " 2:6-mb ' 248 - )
117 10.0mb - 200 (2900 km Rp)
t72 85.0 mb 148 ’
72 480.0 mb 118
86 1.2 bar 138
100- - 1.9 bar " -85  (60% probable surface temﬁ.)"h
150 © 7.8 bar 43  (30% probable 'surface temp.) .

’

" 200 21.0 bar "0  (10% probable surface temp.)

*Altitude scale shifted to 0. at 10% probable gurface
temperature to facilitate trajectory analysis.
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Dispersed models for the thin (methane) model are derived by
perturbed temperature - altitude profiles, based on the error bar
shown in Rgfé%ence 1. The thin model temperature profiles and the
resulting pressure and density wvs altitude plots are presented on
Figures IIi—l through -3. Thick (nitrogenymodel temperature, pras-
sure and density plots are shown on Figures III-1, -2, and —4.

"Dispersion in thig model is provided by the surface temperature

uncertainty and resulting surface location uncertainty.

)

Titan atmosphere state is shown on Figure II1I-2 for the’ thig
" and thick atmosphere models. It is noted that both the thin and
" thick nominal models are close to a state change from gas to solid
or liquid.
Denéity scale height as a function of altitude is presented

on Figure III-5.
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Figure I1I-1
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Figure 111-2
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TRAJECTORY ANALYSES

INTRODUCTION

Entry trajectories were run using the Martin Marietta atmos-
pheric entry program UD288. - Trajectories were run in the thin
(methane) and thick (nitrogen) atmosphere over a.range.of entry
flight path aﬁgles of -30 degrees, -35 degrees and 40 ,degrees .
and ballistic coefficients of 31.4, 78.5 and 157 kg/mzv Entry
altitude is defined at a Titan radius of 3200 km with an .entry
velocity as defined in the JPL supplied data of Appendix A. 1In
the thin atmosphere, parachute deployment is at 0.8 Mach no. No

parachute is required im the thick atmosphere. - .. .. et

The bulk of the entry trajectories run were for entry from
Saturn orbit. The effect of the higher entry velocities associ-
ated with entering the Titan atmosphere’ from the Saturn approach

trajectory is briefly discussed in Section IV. F.

ORBITER TRAJECTORIES

Saturn orbiter time histories in the v101n1ty of the Tltan

encounter and probe trajectories down to the entry 1nterface a1t1~

tude were supplled by JPL. The data 1n tabular form are 1ncluded
in Appendix A. Time histories of Tltan relative altltude latitude
and longitude for the orbiter and probe are included. Sets of data
have altitude of closest approach as the primary perturbing param-
eter. Altitudes of closest approach of the orbite} vary from 6.1
RT (Titan radii) to 20.0 RT' .

V=1



ENTRY TRADES

Parametric evaluation of the effect on entry environment .of
entry f£flight path. angle CYE), entry ballistic coefficient (BE)
and atmosphere models are presénted in Figures IV-1 through 7.
Maximum dyhamic pressure for the nominal, hot and cold thin
methane atmospheres as a function of ballistic coefficient and
£flight path angle is shown on Figures IV-1 and IV-2. It is noted
that the cold methane model provides the highest value of peak
dynamic pressure. The thick nitrogen atmosphere value at BE =
78 kg/m? (0.5 s1/ft2) and Yz = =30 degrees is shown for compari-
son. The value is only 240 N/m2 (5 psf) higher than the .critical
cold methane model value of 2250 N/ﬁz (47 psf) and is thereﬁore
not considered to provide a significant variation for conceptual
design purposes. Peak heating rates and total heat load are pre-
sented parametrically on Figures IV-3, -4, and -5. Note that the
cold methane model is critical for heating rate, and over a range
of the parametric parameters evaluated, total heat load is crit-
ical in either the methane nominal or hot model atmosphere depend-

ing on the values of the parameter.

Aeroshell structure and heat shield designs for the entry
capsule were based on the applicable critical values from the
above charts. An aeroshell structural weight design curve was
developed with variables of aeroshell diametervand peak entrj
dynamic pressure. These data are for a blunted cone class con—
figuration and are based on Martin Marietta amd NASA Langley
Research Center studies. The structural wéight curve is shown

on Figure IV-6.

The Titan probe entry skip-out boundary was calculated as a
function of entry velocity and results are shown in Figure IV-7.
The entry velocity from Saturn orbit is 4.55 km/s giving a skip-
out boundary value of -27 degrees. TFor a direct entry at 10.6

km/s the skip-out boundary is -30 degrees.
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DESCENT TRADES

Descent times from entry to the surface in the nominal, hot
and cold methane atmospheres are presented on Figures IV-8 and
-9, These times are for the unstaged, or fixed entry vehicle

configuration without parachute deployment. Descent time inelud-

ing the parachute phase with deployment at Mach 0.8 is shown on
Figure IV-10. '

Descent times in the nitrogen atmosphere from entry to the
60% probability, 30% probability and 10% probability surfaces
ag a funetion of staged ballistic coefficient are shown on
Figure TV-1l. The times are for emtry with a ballistic coeffi-
cient of 78 kg/m® (0.5 s1/ft?) and staging to a subsonic ballis-

tic coefficient (B) as shown on the curve.

Terminal velocity in the nitorgen atmosphere as a fﬁnctipn

éf subsonic ballistic coefficients at the 60%, 30% and 10% prob-

ability surface is shown on Figure IV-12, .
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Descent Time Vs B and Altitude of Surface

Figure IV-T1
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BASELINE ENTRY AND DESCENT TIME HISTOQRIES

Baseline entry and descent time histories as a function of
altitude are shown for the thin methane atmosphexg in Figure
IV-13 and for the thick nitrogen atmosphere in Figure IV-14.
These figures are for the nominal entry conditions, Yg = -30
degrees, BE = 78.5 kg/m?Z, V= 4.55 km/sec in the nominal atmos-—
phere models. Noted on the plots are significant entry events

and environmmental quantities. Table IV-1 summarizes the descenﬁ

. times and altitudes for the thick and thin atmospheres.

DIRECT VERSUS QUT-OF-ORBIT COMPARISON

The basic entry and descent analysis was dong for velocity”
conditions related to entry from Saturn orbit. A brief study"
was done to evaluate the effect of entry into the Titan atmos~
phere at velocities associated with Saturn approach wvelocities,
Results of the studyvaré shown on Tables IV-2, -3, and 4. . The
tables indicate the expected severe impact on such environmental
items as maximum dynamic pressure and heating rates and loads.
The impact of these factors on the nominal-Class B probe design

is summarized on Table IV-4.
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Figure IV-13  Entry and Descent Profile - Thin (Methane) Atmosphere
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Figure IV-14

—

Entry and Descent Profile - Thick (Nitrogen) Atmosphere
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Table IV-1 Baseline Entry/Descent Times and Altit

[

B, = 78.5 Kg/m®

Bounsontc
CONDITION
0.05 g
ENTRY (3200 Km Radius)
0.8 M STAGE c

THIN ATMOS. SURFAGE (1)
THICK ATM)S. SURFACE.(2) .
60% PROBABLE
307
10%’

udes -- Nominal

V_ = 4.55 Km/Sec

E

94,2 KG/mé

THICK ATMOSPHERE

TIME
(MIN)

- 2.43
0
5.50

-

130.50
288.5
516.5 .

(1) THIN ATMOSPHERE REFERENCE SURFACE
(2) THICK ATM)SPHERE REFERENCE SURFACE

ALTITUDE
(KM)
648
502
230

—-——

86
43

2,658 KM

2,700 KM

7.63 KG/m? (Parachute)

THIN ATMOSPHERE

TIME
(MLN)
0
0
11.31
36.15

ALTITUDE
(KM)
526
526

31.1
16

v o
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TabTe IV-2  Direct Versus Qut-of-Orbit Entry

. " - .

OUT-OF- -

SATURN DIRECT

ORBIT ORBIT SYSTEM IMPACT
ENTRY VELOCITY, KM/SEC o 4,55 10.4 —
HEAT RATES, q--BTU/FT 17.5 215

5X HEATSHIELD
TOTAL HEAT, Q--BTU 2,513 17,028
DYNAMIC PRESSURE MAX.~--PSF © 60 328 1.7X- AEROSHELL
DYNAMIC PRESSURE, STAGE--PSF 3.6 4.1 1.14X PARACHUTE
COMMUNICATION RANGE--. Ryonon 1.0 GREATER - ~1.5% Rgpprm
Rors1T

‘MARTIN MARIETTA:
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TabTe IV-3  Comparison of Entry Conditions

ENTRY VELOCITY, KM/SEC

ENTRY FLIGHT PATH
ANGLE, DEG

MAX, DYNAMIC PRESSURE,
KN/m®

MAX., HEATING RATE,
W/ em2

TOTAL HEAT LOAD,
J/cml

PARACHUTE DEPLOY:
o MACH NO.

o DYNAMIC PRESSURE,
KN/m2

MARS (VIKING)

DESIGN

4,63
-17.7
. 6,89
29.51

1713.7

2.1

0.41

*ASSUMES + 50 )(E UNCERTAINTY

ACTUAL

4,61

-16.9

4,62

24,17

1248.4

1.1

0.33

TITAN

'QUT OF ORBIT DIRECT
4,55 10.4
-30.0 -40. 0%
2.87 15.73

19.9 244.,0
2852.0 19325.0
0.8 0.8

0.17 .19

MARTIN MARIETTA
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Table IV'-4 Impact of Direct Entry on Probe Design

O 1 O Ao O T X2 e T  ——— e S ————
FACIOR
HEAT SHIELD MASS 5%
AEROSHELL MASS 1.7%
PARACHUTE MASS 1.14%
ORBITER FLYBY VELOCITY 4.50 KM/SEC COMPARED TO 8,9 KM/SEC DIRECT
COMMUNICATION RANGE 51,000 KM COMPARED TO 111,000 KM DIRECT

0 IMPACT OF DIRECT ENTRY ON THE 226 KG CLASS B PROBE DESIGN COMPARED TO QUT-OF-ORBIT DESIGN

- HEAT SHIELD A MASS = +12 KG
- AEROSHELL A MASS = +5 KG (COMBINATION AEROSHELL/IMPACT ATTENUATOR)
- PARACHUTE A MASS = 42 K6 .

- INCREASED TRANSMITTER - POWER

- INCREASED ELECTRICAL BATTERY POWER

- INCREASED EQUIPMENT COMPARTMENT VOLUME
- INCREASED STRUCTURE AND AEROSHELI SIZE




CONFIGURATION DESIGN AND INTEGRATION
INTRODUCTION AND CONCEPT -DEVELOPMENT

This chapter discusses thHe -approach to configuration design and
examines the problems associated with integration of both science
instruments and engineéring subsystems into'tlie probe vehicle -designs,
The objective of the study was to evaluate the design and cost impact
of a number of variables in'mission design, science payload, atmos—
pheric enviromment uncertainty, surface definition uhcertainty;, and .

system cémplexity.

The mission optlons lnclude the basellned probe entry from Saturn
orbit at an entry veloc1ty of 4,55 km/s and a dlrect entry from ini-
tial Saturn encounter at about 10.4 km/s.- The entry from Saturn orbit
was baselined at the study mldterm meetlng under ‘recommendations
from JPL since this approach was consistent Wlth their Saturn orbiter
mission design. The results of a brlef analysis of the 1mpact of

direct entry on probe design are presenfed in Secfion v, F,

The science -payloads have been defined in thrée classes as dis-
cussed in detail.in Section III:A. Briefly,'Class A ds.a gimplg
atmospheric probe, .Class B.is a combination atmogpheric an'lggder:
probe,-and Class C.is a _combination atmospheric and ;aqder ﬁrobe Wirh :
expanded surface-science and- extended mission duration. In addition,

the Class B and C probes also incorporate a pre-entry, science module.

The atmosphere and surface uncertainties are defined in Section
III F. There are two Separate atmosphere models; a thin methamne
model, with surface pressures of about 17 mb and a thick nitrogen model
with surface pressures varying from 1.9 to 21 bars.. Probe systems are
designed to only the thin or thick atmosphere.but not'ro both simul-
taneously., This approach was based on the assumption that the atmos—
phere will be more aCCurately deflned before the actual hardware desigr
phase starts. With the current-models of Tltan it is possible that
the surfzce condition may vary from solid ices and snow to liquid and
this has a significant impact on the lander cbnfiguration as- well as

surface sample acguisition.



In the first half of the study a broad range of configuration
options was considered as illustrated in Figure V-1. During this
period various concepts were being sought which could meet the system
design constraints. The configuration design drivers are controlled
descent time to provide sufficient time for science measurement and
data transmission, and controlled landing to provide low enough impact
velocity and shock attenuation to assure a safe, stable landing. As
illustrated in the upper right .side of the figure, ?he thin atmosphere
required that the configuration be retarded by a parachute to allow
sufficient time for the descent science measurements {the gas chro-
matograph requires about 25-30 minutes to obtain four samples). In
the thick atmosphere, the entry probe is slowed to such an extent
that either the probe configuration needed to be streamlined to
increase its ballistic‘coefficient or the probe suffered some weight
penalties to—aécommodate increased battery life and extended data
transmission rénges. Evaluation of this trade off resulted in selec~
tion of retaiming the enﬁrﬁ aeroshell to the surface. Although this
configuration had an extended descent time, it resulted in a much
simpler landing system. The streamlined shapes -have poor landing
stability and require the addition of erection devices after touch-
down. Part of this trade study included an evaluation of hard versus
soft lander concepts as illustrated in-Figure V-1 and further dis-

cussed in Section V D 1;

The soft lander concept, similar to the Viking lander, can pro-
vide a more precise touchdown wvelocity at the expense of additional
system complexity. Guidance-and control, attitude contrel, and
terminal propulsion subsystems are necessary as well as landing legs

to provide impact attenuation and attitude stability on the surface.

The hard landef is a less complex concept which uses a crushable
honeycomb structure behind the entry heatshield for impact attenua-—
tion. Tt is designed to provide less than 300 g's deceleration on a
hard surface with a stroke of 15 cm atr a deséent rate 6f 20 m/s.

After further study, it became apparent that the hard lander concept



Figure V-1 Configuration Options Considered
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provides a practical design for all lander classes, has good impact
stability, low penetration on ice or snow, and provides flotation
in case of landing on a liquid nitrogen surface. Experience by
NASA/ARC with drop tests of similar shapes in the desert (the
planetary atmogpheric entry test, PAET, wehicle) showed very stable

and non-rebounding landings.

Based on the above results a matrix of configurations was iden-
tified at the midterm meeting as illustfated in Figure V-2 for
final definition and costing in the last half of the study. The
three probe classes for both the thin methane and thick nitrogen
atmosphere models were included as well as ‘comparison of the hard
versus soft lander for the Class B probe casét In addition, trade
studies were done for variations of the Clgss f probe to evaluate
effects of descent to the extreme 10% probabléfsurface lpcation,
effects of a liquid nitrogen surface, and effects of a 32-day
extended surface mission. Definition of a baseline pre-entry

science module concept as well as a few alternates were also

included.

The following sections describe the technical considerations
and results of the Titan probe configuration study matrix of

Figure V-2 above.



Figure V-2 Titan Probe Conceptual Studies
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TITAN PROBE BASELINE DESIGNS .

The six Titan probe haseline.designs consist of the Class A, B,
and C concepts for the thin methane atmosphere and also for the thick
nitrogén atmosphere down to the 30% probable surface location as

illustrated in Figuietvéz of the previous sectioni -

The thin methane and thick nitrogen atmosphere cases are consid-
ered to be separate deéign requirements and there is no intent to
design to both cases simultan€ously. It is assuméd that the atmos-
phere will be much better defined prior-to the start of the hargﬁare
design phase sometime' after 1983 since both Pioneer .11 and Voyager

spacecraft may obtain new data on Titan's atmosphere.

The probes for the thin methame atmosphere have been &ésigned
for the worst case uncertainties within the thin atmosphere defini-
tion. In the caég of the thick nitﬁpgen atmosphere, the baseline
probes have beeﬁidésigned to meet the 60% and 30% probable surface
‘locations but not the 10% probable surface location extreme. It
.was felt at the midterm meeting that the 10% probable surface loca-
tion requirement would unrealistically drive the baseline designs.

However, the impact of this extreme was evaluated as a trade to :

the baseline design and the results are included in Section V E,

1, (Class A Probe - The Class A probe carries atmospheric entry

and descent science and is not required to survive landing impact.
ihe science payload is- defined in detail in Section IZI and consists

of the following experiments:

o Atmospheric structure instrument
0 Multispectral radiometer

o Nepheloﬁeter with DTA

o Neutral Mass Spectrometer

o Gas Chromatograph

o Doppler/wind experimené (stable oseillator)
4



+ The Class A probe configuration is shown in Figure V-3 and con-
sists of a 60 degree half angle“cone aeroshell with a Viking type
ablative material (SLA 561) for entry heat protection. The same con-
cept is applicable to both the thin (methane) atmosphere and the thick
(n%trogen) atmosphere, however, the thin atmosphere configuration as

shown requires the addition of a parachute to slow the descent rate.

The forward aeroshel; consists of a ring stiffened structure with
the:internal subsystem components mounted on the ring stiffeners and
cdn?oured to the aeroshell to improve packaging efficiency. Most of
the components and elecgroﬁics are protected from the cold environment
by an insulation layer on the back face of -the aeroshell and over the
back side of the components. Isotope heaters are used for thermal
control during the coast phase after probe separation from the orbiter.
Thermal isolators are required between the componen%s and the ring

frames.

The nephelometer, temperature probe, and radiometer cover are
deployed from the aft cover after entry at about 0.8 M to obtain
descent science. The forward cover for the inlet to the neutral
mass specérometer and gas chromatograph is also jettisoned after

entry. ‘

L

For the probe designed for the thin étmosphere, an aft structural
truss is required to support the parachute canister and carry the
parachute loads to the aeroshell structure. Thiss truss can be elimi-

nated for the thick atmosphere and replaced by an aft cover. '

The detailed breakdown of the’science characteristics is given
in Table ITI-3 and the subsystem and structural equipmént lists are
given in Table V-2, Section V B 4. The total probe weight is sum-
marized in Table V-1 by subsystem grouping and the weight for the
Class A probe designed for the thin (methane) atmosphere is 113.2 kg
while the weight for the Class A probe designed for the thick (nitro-
gen) atmosphere is 114.3 kg. Although the total weights are nearly
identical, the subsystem weights vary considerably. The basic differ-
ence is that the thin atmosphere probe requires a parachute while the
thick atmosphere probe requires additional batteries to accommodate
the longer descent time.

V-7



Figure V-3  (Class A - Probe Configuration
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2. Class B Probe - The Class B Titan probe is a combination atmos-

phere and lander vehicle which also incorporates a pre-entry science
module. This probe class has received .the greatest emphasis in the
study because it basically meets the general science objectives yet

it is a reasonably simple and moderate weight éoncept.

The science complement is defined in detail in Chapter IIT and
listed in Table ITI-1. In addition tq'the'atmospheric science instru-

ments, the probe carries the following surface science. experiments: /

o Descent imagery

o Surface imagery

o Impact accelérometer

o Composition (GC and MS)
o Meteorology

Also, the pre-entry science module-carries the following pre-entry

science experiments:

o Neutral Mass spectrometer
o JTom mass spectrbmeter
e Retardfng potential analyzer

¢ Fléctronm temperature probe

The configuration and equipment layout are shown in Figures V-4
and V-5. The external configuratién~uses a 1.47 m diameter 70-degree
half angle cone aeroshell and ablator with a segment of a sphere for
the aft cover. The combination aeroshell and landing impact attenu-
ator incorporate a honeycomb structure which limits the impact decel-
eration to less than 300 g's with a 15 cm stroke of the crushable
honeycomb at an. impact velocity of 20 m/s. This approach simplifies
the landing system considerably compared to a Viking type soft lander
since neither the aeroshell nor the aft cover have to be staged. A
comparison of hard versus soft lander concepts is included in Section

VDIl

The configuration shown was designed for the thin (methane) atmosg—

phere and, therefore, requires a parachute to slow descent rate. The
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Figure V-4
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Figure V-5 Class B - Probe/Lander (Plan View)
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parachute is mounted at the top of a central structural tube which
encloses the extendible science mast. This mast is used to deploy
the meteorology and imaging experiments after touchdown and carries
a second microstrip type RF antenna on top since the descent antenna

may be blocked from line-of-sight to the orbiter after touchdown.

This probe lander design features a jettisonable nose cap with a
cylindrical cutout in the centér of the vehicle which provides access
for obtaining science samples both during atmospheric descent and on
the surface. A detail of the nose cap is shown in Figure V-6. A
hot gas actuated pin retractor is used to unlock the nose cap and
jettison springs provide a positive separation of the complete mecha—
nism thus clearing the opening. This separation takes place just

after entry when the vehicle reaches a subsonic velocity of about

0.8 M.

A collapsible atmospheric sampling in;et is sﬁowu in Figure V-4.
This inlet provides sample gases té'thé mass spectrometer and gaé‘
chromatograph during descent and collai)se_s at touchdown. A sample
acquisition drill device is then depléyed.to the suyfacé to obtain
solid samples. Further discussion_of the science implementation is -

given in Section V C.

A 7.0 cm thick layer of insulation at 64 kg/m3 (4 1bs/ft3)
is attached to the back cover and encleses the components. The com—~
ponents are mounted on thermal isélaticn standoffs which are attached
to the honeycomb back plate with insulation between the two. The
honeycomb structure provides load paths from the components to the
aeroshell without additional frames. The parachute loads are carried
through the c¢ylindrical mast enclosure tube down into the honeycomb

backing plate.

In this hard lander concept the relatively flat aeroshell pro-
vides good impact and attitude stability on the surface and prevents
surface penetration. The configuration will float if it lands on a

liquid nitrogen surface (see Section V D 2) and the aft cover thermally

v-12
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Figure V-6
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insulates the components and protects from possible splash or debris

at touchdown.

For the Class B probe,an 8 m diameter parachute is required to
control the touchdown descent velocity to within 20 m/s with a result-
ing maximum impact deceleration of 300 g's with. the 15 cm attenuator
stroke. In the proposed concept, the parachute is designed to provide
a velocity at 100 m altitude which results in 20 m/s touchdown velocity
after free fall from 100 wm. This allows the parachute to drift free
of the lander. The parachute can be rigged to drift to the side of
the lander and, by retaining the canister on the risers, the parachute
will femain inflated. A small radar altimeter‘is used to signal the
100 m release altitude and is located in the honeycomb area as illus-

traged in Figure V-4. An RF tramnsparent cover provides line-of-sight

thréugh the aeroshell.

‘ Pre-entry Science Module Configuration - The Class B and Claé? C
probe configurations include a pre—entry science module as illustrated
in Figure V-7.  The unit . is strapped onto the forward heat shiela with
straps that are attached by pins in notches at the maximum‘dadmgfer of
the vehicle. The module is ‘separated into two parts when the rédﬁn@ant
hot wire tension links are severed. At that point, three'forcgs'préln
vide positive separa%ion of the module ffom the entry vehiclé.‘ Thesé -
forces are produced by the springs between the module Halves;,the'cen—
trifugal force due-to the spinning vehicle, and any low ievel aerody-
namic loads which ﬁay be building up at time of release. The science
instruments are located as shown to assure clean, uncontaminated
samples of the upper atmosphere. Further discussion of the pre-entry

science implementation is covered in Section V C 1 a.

The detailed breakdown of science characteristics is given in
Table ITI-3 and the subsystem equipment lists are included in Table
V-2, Section V B 4., The total probe weights are Summarizéd in Table
V-1 by subsystem grouping and the weight for the Class B probe
designed for the thin (methane) atmosphere is 227 kg while the weight
for the Class B probe designed for the thick (nitrogen) atmosphere is

V-14
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Figure V-7
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226 kg. Again, as for the Class A probes, the total weights are
nearly identical, however, the subsystem weights vary considerably.
As in the Class A probe, the Class B probe designed for the thick
(nitrogen) atmosphere does not require a ﬁarachute and the science
mast can be relocated higher up in this area. -‘The thick atmosphere
design does, however, require adqitional battgries to accommodate

the extended descent time and increased transmitter power requirement.

3. Class C Probe —. The Class C Titan probe,. like the Class B

probe, is a combination atmosphere and lander vehicle but it includes
an expanded surface science payload and is required to survive an
extended period up to several months. This probe also includes the

i

pre—-entry science module that was described in the previous section,

The science payload is described in detail in .Chapter III and
listed in Table III-1. In addition to the atmosphere and surface
science instruments of the Class B probe, this probe also carries

the following expanded surface science complement:

o Passive seismomater

o Microscope

o Precipitation experiment

o Active wet chemistry "ozone analysis'

o Alpha-backscatter experiment

The Class C probe configuration is shown in Figure V-8 and is
essentially a larger-version of the Class B probe with a diameter of
1.73 m (68 in.) compared to 1,47 m (58 in.) for the Class B probe.
The structural design and layout is similar to‘that described for the

Class B probe in Section V B 2.-

i

The major changes from the Class B probe. are the addition of a module
for deploying some of the expanded science experiments as shown in
Figure V-8 and a modified power subsystem. This science unit requires
additional insulation, heaters, and z deployment mechanism. It con-~
tains the seismometer, the microscope sensor head with a fiber optics

line to the main instrument, and the alpha-backscatter semsor. See

7-16
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Section V C 1 ¢ for a discussion of science implementation. The power
subsystem for the Class C probes consists of a combination of batteries
and RTGs to handle the extended duration mission power requirements and

the RTG waste heat is used for thermal control.

The detailed breakdown -of the science characteristics is given in
Table III-3 and the subsystem and structural equipment lists are given
in Table V-2, Section V B 4. The total probe weights are summarized
in Table V-1 by subsystem grouping and the weight for the Class C
probe designed for the thin (methane) atmosphere is 355 kg while the
weight for the Class C probe designed for thg_thick_(nip;qggn)“épmog-
phere is 350 kg. The expanded surface science ané increased mission’
time result in the 1arge.iﬁcrease in weight of both engineering sup-
port equipment and structure over that of the Class B probe. Again,
although the totai weights are similar for the thin and thick atmos-
phere designs, the parachute (structures/mechanisms) and power sub-

systems are considerably different.

4. Summary of Baseline Probe Weights and Equipment Lists - A

summary of the baseline Titan probe weights is présented in Table V-1

and support equipment lists are presented in Table V-2.

The weights for the three classes of probes (A, B, C) are shown
for both the thin (mgthane) atmosphere and the thick (nitrogen) atmos-
phere. These probe deéigns are discussed in the previdus Sections )
(V'B 1 through 3) and in Chapter VI under subsystem design. The de-
tailed 1list of science payloads for each probe class is given in -
Chapter III, Table II1I-1 and‘their characteristics are presented‘in

Table TII-3.

Notice that the sclence instrument weights include a margin and
then the total system weight has an additional 15% weight contingency.
Each instrument, according to its uncertainty of definition for appli-
cation to this mission, was assigned a margin varying from 10% to 30%.
These weight margins are listed in Table III-3, and represent uncer-
tainty in both the instrument definition and in implementing the

integration and sample acquisition.

V-18
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PROBE CLASS

SCIENCE PLUS MARGIN
TELECOMMUNICATIONS
POWER/PYRO/CABLING
THERMAL
STRUCTURES /MECHANISMS
DATA HANDLING -& CONTROL

SUBTOTAL

15% CONTINGENCY

TOTAL

DESIGN GOAL

NOTES: (1)

(2) CLASS B PROBE WITH EXTENDED SURFACE MISSION TO 32 DAYS,

THIN ATMOSPHERE

MASS (KG)

(30% PROB SURF, LOCATLON)

THICK ATMOSPHERE

A B c A B c (1) | 3@
. 10% SURF. | 32 DAY EXT.

28.0 | 51.0 |107.0 28.0 | 51.0 |107.0 51.0 51.0
0.95] 2.6 4.5 0.95| 3.4 5.7 4,85 3.4
16.7 | 29.4 | 41.0 2.7 | 43.6 | 56.7 66.6 45.6
4.9 { 21.0 | 30.9 4.9 | 16.4 | 26.0 24,2 18.4
41.64| 81.5 | 112.8 34,64 | 69.5 | 96.8 96.8 82.0
6.20| 12.56'| 12.56 6.20 | 12.56 | 12,56 12.56 12.56
98,39 | 197.3 | 308.76 99.39 | 196,47 | 304.76 256,01 212,96
14.76 | _29.6 | 46,31 14,90 | _29.47 | _45.71 38.4 31.94
113.15 | 226.9 | 355.07 | |114.29 |225.93 | 350.47 294,41 244,90
175.0 | 225.0 |'400.0 175.0 |225.0 |400.0 225.0 225.0

CLASS B PROBE DESCENDING TO 10% SURFACE LOCATION,
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Table ¥-2  Titan Probe Support Equipment List
CLASS A PROBE CLASS B PROBE . CLASS ¢ PROBE ,
MASS S1I2E POVER HASS SIZE POWER MASS SIZE POWER
HERTTAGE (KG) (em3) () (KG) (en?) (wy (KG) (emdy ()
POWER/PYRO/ 16,7 THIN 29.4 THIN 41.0 THIN
CABLING S/S 24,7 JTHICK 43.6 THICK 56.7 THICK
VL RTG N/ A — /A N/ & 3.24 4717 25 ¥ (226 W THERMAL OUTPUT)
NES AgZn BATTERIES 2.5 2320 6 Al THIN 6.8 6454 16 AH THIN 8.4 7900 20 A THIN
10,5 9880 25 AN THIGK Jf21.1 19900 50 AH THICK 24,4 23000 57 AH THICK
- PYROS 16(.25)=4.0 - - 26(.25)=6.50 -- -- 28(.25)~7,0 -- L me
- CABLING (6% OF 5.3 - -- 11l.2 THIN - . 17.5 THIH -- -
GROSS S/C WEIGHT) | 5.3 11.1 THICK 17.2 THICK
VL BCDA 2.63 4917 -- 2.63 4917 - 2.63 4917 --
SCATHEA PYRO CONTROL 4SSY || 2 27 2050 -- 2,27 2950 = 2.27 2950 -
DATA HANDLING AND .
COMMAND S/3 6.2 12.56 12.56
GALILED DATA HANDLING & . .
PROBE COMMAND UNIT 6.2 6555 6w 6.2 6555, 6W 6.2 6555 6 W
NEW DATA RECORDER —N/ A 3/ A 6.36 5077 10 W RECD 6.36 6077 10 ¥ REGCD
15 W PB N T 15 ¥ PB
TELECOMMUNICATIONS | 0,35 THIN ) ! 2.6 THIN 4.5 THIN
SURSYSTEM 0.95 THICK 3.4 __THICK : 5.7 THICK
CONIC TRANSMITTER 0.35 400 14.3 W-IN 1.0 ' 1133 28 W-IN Yol 1.2 1360 33 ¥-IN; 3 W-OUT THIN
CORP, 1.0 W-0UT R 2.5 W-0UT)
: 1.8 2040 S HTaIek || 2.4 2720 " 50 W-TN; 10 W-OUT THICK
GALTLED RECEIVER & CMD
PROBE DETECTOR N/ A 11/ A- - 1.7 1277 4 W(ROVR); 3 W (CD)
- TIHER 0.1 - 0.001w 0.1 - 0,001 0.1 - 0.001
VL ANTENNA 0.5 1230 -- 0.5 1230 Y- 0.5 1230 -- )
SCATHA (TURNSTILE} .
- RAD/R ALTLMETER N JA 1 1133 1 i 1133 1
THERMAL S/§ 4.9 THIN ' ' 21.0 THIN ' . 31,1 TuIv
4.9 THICK . 16.4  fATCR 26.0 THICK .
VL INSULATTON 4.9 mAIN | 75000 - 1.5 THIN 227000 - | 26.0 THN 375000 -
4.9 THICK | 75900 14,5 THICK | 227000 24.0 THICK 375000
- ISOTOPE HEATERS 1.7 THIN e 3.7 HIN - < - 1.9 THIN - -
1.7 THICK 1.9 THICK - - . /A THICK - -
RESISTANCE HEATERS N/ & - 1 THIN 2.0 THIN °
N/A THICK -- - K/A  THICK -- -
- BASE COVER NS & 1.8 THIN “— -- 2,2 THIN - --
N/A THICK - == 2.0 THICK - -
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Table V-2 {concluded)

CLASS A PRUBE CLASS B PROBE | CLASS C PROBE
MASS SIZE POWER MASS S12E POWER [ vass STZE BOWER
HERITAGE (KG) (em¥) ) (KG) (em3) () (XG) {em3) (W)
STRUCTURES §/S 41.64 THIN |- 81.5 THIN [112.8 THIN . ‘
34 .65 THICK 69,5 THICK 96,8 THICK
VL BIOSHIELD 16 -- -- 20 - - 26 - -
VL ABROSHELL/HEAT 10.5 - -- 3 HEAT . - 4,3 HEAT -- -
SHIELD SHIELD ONLY SHIBLD ONLY
VL BASE COVER 4 -- - 10 -- - 15 - -
VL CHUTE/MORTAR/ 7.0 THIN | 3.15 eoD x 3.15 enlL -- 12 THIN | 3.9 cmD x 3.35 onl - 16 TN | 4.7 omb x 4.7 cml -
CANISTER R/A  THICK N/A THICK N/A  THICK
- ATTERUATOR/AERO- . o . I .
SHELL (HONEYCOMB) Wik w/All 22 141609 I 195421 -
- EQUIPMENT SHELF N/& WAl 4 -- - 5.5 - - -
- EQUIEHENT MAST/ N/& w/A|| 4.5 2.6 cnd x 4.3 enl | == 5.5 2.4 enD % 4.3 oniL . ==
- PRE-ENRRY
STRUCTURE MODULE 3 -- -- 3 - - 3.5 -- --
- SENSOR HOUSING ! ’
(DEPLOY MECH,) W/ & H/A = N/ 3.5 -- --
- NOSE CAP WA N/A 1 40,6 cm"DLiam. - 1.5 40,6 em Piem. -
- SENSOR MODULE 1.14 . - . -
& MEGHANISH ' /A 1/ & .
NEW SAMPLE DRELL /b - W/A 2 1180 100 2 1180 100




The probes were designed to meet the thin (methane) atmosphere
environment separately from the thick (nitrogen} enVironment. Tn
comparing the thin versus thick atmosphere probe weights, it can he
seen that the total weights are nearly the same for a given probe
class. As discussed earlier there are significant differences in
the subsystem wéights. The thin atmosphere probe designs require a
parachute {(structures/mechanisms) while the thick atmosphere probe
designg require additional batterxies to accommodate the extended
descent times and increased data transmission ranges. The major
design driver is the probe class or science payload complement as
reflected in the science weight. The engineering support system

weights are roughly proportional to the science paylead weights.

Early in the study, weight design goals were established by
NASA/ARC in conjunction with JPL and they are shown at the bottom
of Table V-1. The Class A and C probe design weights were well
under these goals while the Class B probe designs only slightly
exceeded the values. These weight classes were also used as design

goals in the parallel JPL study- of the Saturn orbiter mission design.

Alsp shown on this table are welghts for two addltlonal probe

design variations and these are dlscussed in Sections V E and vV F.

Detailed weight, power, and size characteristics are givenﬂin
Table V~2 for theﬁengineering support equipment for all baseline. .
designs. Detailed discussions of the design of these various sub-

systems are presented in Chapter VI.
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SCIENCE INTEGRATION AND IMPLEMENTATION

This section ineludes discussione on science integration and imple-—
mentation for the pre-entry, atmospheric,.and surface science. AlthougT
most of the science instruments ‘are either the same as or based onm
current instrument designs, a few present unique integration or imple-
mentation problems due to the unusual environment of ‘Titan. Such envir-
onmental conditions as extreme cold, low light levels, and the possi-
bility of a snowy or liquid surface are some of tﬁe_major considerations
Thiz section focusese primarily ow the -unique problem areas and presents
both a baseline approach -and,possible alternate approaches where appro-

priate.

1. Pre-Entry Science ; -

a. Implementation Problem - Implementation of the pre-entry’
sciencé‘on the Titan probe hés the same basic problem as was experiencec
cn other similar planetary prejeﬁtry science experiments. To gather
the maximum effective science data we must ensure that the imstruments
will megsure samples from free space which have not been contaminated
or altered by the probe.  The instrument inlets must, ﬁherefore, sample
ions, electrons and elenments that have not préviously contacted the
probe, and have niot been affected by the magnetic or electric field

radiating from the probe.

. A sgcond concern in integrating the pre-entry science experi-
ments into the probe mission is thgir possible impact on mission suc-
cess. The three'general approaches to pre—entry science integration
include placing the instrumegtg internally in the probe,haviné a com-
pletely independent pre-entry vehicle, or using a jettiscnable module
on either the front or sides. The firét approach of integrating the
instruments into the probe carries a low risk of affecting’miséion
success; however, it appears difficult in this appreach to provide
instrument inlet locations that would be free of heat shield contamina-
tion. Also, imnlets throug‘ti the heat shield carry some risk and repre- :
sent heat shorts to the interior but careful design can minimize these -

problems. Further study of this approach is warranted.

v-23



The second approach, a separate pre-entry science vehicle, can
provide quality science measurements and would have no impact on the
reliability of the basic probe misgion. However, this approach is

certainly the most costly in dollars, weight and complexity.

A jettisonable pre—entry science module is prcbably the easiest

design concept to integrate onto the probe and, when wmounted on the

front, provides a simple approach for eliminating sample contamination.
This is a relatively low cost concept, however, it does impose some
risks to the mission if it is not properly jettisoned. This approach
has been selected as the study baseline and techniques for minimizing

associated risks are proposed.

b. Design Approach - The baseline design is a pre-entry science
module which mounts on the front of the Titan probe. This configuration
is shown in Figure V-7 of Section V B 2 and it requires that the pre-
entry package be jettisoned prior to encountering the severe entry
enviromment. The conceptual design conceived straps the pre-entry
science package to the aegoshell without penetrating the ablative heat
shield. The straps holding the package are pimned to the backside of
the probe and the science module, which is made in two segments, is
separated based on an accelerometer signal. At entry the. segmented
science package is separated by either a spring force, or a pyro-gas .
device. The impulse drives each segment radlally from the nose of the
probe, and frees the straps, which are plnned to the back edge of ‘the
probe. TIn addition to the separation force provided by the springs,
the pre-entry module segments are also forced off the face of the
aeroshell by the centrifugal force due to probe spin, and by the ;Fro—

dynamic loads which are just beginning to build up at time of separation.

Electrical interfaces to the probe are carried on flat wire
cables which are attached to the hold down straps and can be disconnected
using a hot wire, spring-disconnect connector, such as used on the Viking
spacecraft. An alternate design concept for the electrical interface,
which does not require an electrical comnector, is discussed in the

"Optiongl Design’ sectiom.
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The data interface to the probe's data system is minimized by -
providing a data buffer in the science subsystem which time-tags the
data from each instrument and multiplexes the data, over one set .of

1

wires, to the Titan probe data system.

Each instrument will be designed to seiuénee itself after
receiving a bi-level command at separatioh from the orbiter. ' The pré—
entry sequences are preprogrammed into the instruments and will require
no operational command. Calibration of the instrument will similarly

be commanded by a single bi~level signal.

As illustrated in Figure V-7, the science instruments are
located on the front of the pre-entry SCieﬁcg module so that cgntéminant
free samples can be obtained. It is important‘for the mass spectrometer
and retarding potential analysis instrumentsithat no sample. particles
contact the structure before entering the inlets. At high entry veloc-
ities some molecular sputtering is possible wherein the incoming wolecule
strikes the surface and knocks surface molecules into the iniets thus
contaminating the measurement. This is eliminated by placing the 1n1ets

ahead of all structural elements as is dome in the proposed concept.

a

The forward aeroshell/heat‘shleld portlon of the probe must be
grounded to reduce electrical field effects on the science readlngsn
This is done by wrapping the probe in_ an alumlnlzed mylar cover as was

. €

done on the Viking lander wvehicle.

e. Optional Degigns . _ y

1) Autonomous Probe - An optional pre-entry science con- -.
cept was evaluated which uses an autonomous probe for the
pre-entry science. This space probe separates from the oxbiter
independent of the entry probe and provides its own sequencing;’

data handling and data transmission to the orbiter.

The configuration of the autonomous pre-entry science probe
is a spacecraft structure that is spin-stabilized and provides
the environmental protection required for the coast trip to

Titan. The inlets for each of the pre-entry instruments are -
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located forward of any structure-thereby minimizing or eliminat-
ing sample contamination. The pre—entry probe is separated
from the orbiter so that it has a trajectory .that is -signifi-
cantly different than that of the Titan probe. This different
trajectory is to,insure_thap'there'is'no possiﬁle interferenoo
from the Titan probe. After spin up and separation from the
orbiter the pre-entry instruments will sequence and transmit
the pre-entry data diract;y to the orbiter. The pre-entry
science will be designed to operate ang traosmit data for at
least 33 mlnutes. i

Power requlrements for the autonomous probe are estimated
at’ 39 S W and 39,5 W-hr of energy requlred In' the autonomous
probe,power is required for the data handllng ‘and transmitting
system as well as for the science instruments. The battery
for the autonomous probe will be a siloef~ainc, remotelﬁ‘acti—'
vated type battery, which is actlvated prior to separatlon ‘

from the orblter."

+ . ' .

The obvious advantage of the autonomous pre-entry probe
is that it has no dlreot impact on the Titan probe design.
The orbiter deslgn must pr0v1de spln—up for the two probes and
have a separation mechanism that will not compromise the Titan
probe rellablllty becausa'of'the autonomous preﬁentry probe
separation. The disadvantage of the autonomous concept is the
added weight, complexity and cost that is added to theé overall
system. The cost can be minimized by using the data handling

subsystem and transmitter .that ig in the Titan probe.

é) Optional Electrical Interface to Bassline Concept'— In
the baseline design the electrical interfaces between the pre—
entry science and the Titan probe are made through a standard
type connector. The seven-year transit time to Titan may
degrade the mechanical, surface-to-surface electrical contact.
A method of eliminating the connector is to use an "air gap"
transformer to -complete the electrical circuits between the

Titan probe and the pre-entry science subsystem.
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The concept considered is to deyelop an air gap pulse
transformer that has one-half of its split core mounted on
the inside surface of the probe and the other half clamped
outside, and then connected to the windings from the pre-
entry science subsystem. Figure V-9 shows this concept. The
advantage of using a transformer rather than a pin type of
connector tc complete the circuit, is that physical surface-
to-surface contact is not required. Once the air gap is
established by mating the halves it can only change due to
the expansion and contraction of the clamp. Careful design
of the air gap transfer will allow variation in the air gap
without affecting performance. - Anothér advantage of this
concept is that when the pre—entry packages are jettisoned
it will not be required to depend 6n a mechanical‘disconnect.
Instead the release of the clamp straps, in the baseline
design will also release the clamped air gap transformer.

A more relizble jettison action will result.

3) Alternate Pre—entry Science Power Device — An option
to using an electrical power connectgr would be to pass the
power from the probe through an aix g;p transformer, after
inverting the battery dc vq}tage to some convenient ac power.
éimilar to the air'gap pulse transformer-presented in the
previousd section this would provide for a "contact-less"
electrical connection as well as allowing the jettison dis—
connection to be made without depending on a mechanical

>

connector.

2. Atmospheric Science

. IMpZémentatibn Problems - The atmospheric science experi-
ments are described in some detail in Chapter IIT and include the
following: h

o Atrmosphere structure instrument

o Multispectral radiometer

o Nephelometer with differential thermal analyzer

o WNeutral mass spectrométer
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o Gas chromatograph
o Descent imagery

o Doppler/wind (stable oscillator)

All of these experiments except the descent imagery haye been
previously 1ntegrated into atmosphere probe vehiales such as the Pioneer
* Venus probe, the Viking lander, and the Galileo probe. No unusual
problems are antlclpated in 1ntegrat1ng these sciemnce 1nstrﬁments into
the Titan probe designs, however, techniques must be Implemented for
deployment of the nephelometer, the temperature sensor, and the atmosﬂ
pheric inlet for the mass spectrometer and gas chromatograph The
multispectral radiometer sensor must be uncoveied after entry to prov1de

¥

its specified field of wiew.

b. Design Approach - In the Class A probe, the atmospheric
inlet penetrates the heat shieid at the center of the nose or the stag-
nation point. To eliminate possible contamination the inlet is spring-

loaded to protrude beyond the heat shield boundary. layexr when deployed,

For the Class B and C probes, a nose cap 6f abhout 35 cm.in
diameter is ejected after entry-as illustrated-in Figures V-4,.V-6,
and V-8 of Section V B. This nose cap is released just after entry
at the time the descent parachute is deployed for -the probes- designed :
for the thin atmosphere: .This condition is at a descent.condition of
about 0.8 M for both the thin and thick atmosphere designs, With the
nose cap removed, the atmospheric inlet is exposed as well as the descen
imaging camera. .-The inlet tube is also deployed out slightly beyond
the boundary‘layer region to eliminate possible contaminatiom.
This tube is designed to collapse on contact with the ground since

its function is completed at that time.

The descent imagery camera is pointed directly down with ; 90~
degree field of view of the landing area. A CCD type camera was
selected since it can stop the motion by providing a snapshot of the
scene. The analog image is temporarily stored on the CCD matrix and
then the analog signal is read into a special CCD buffer storage device

called an analog delay line. From here the signal is digitized and
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interleaved into the data stream for direct transmission to the orbiter.
Further discussion of this data handling device is given in Section

Vi D 3.

The imaging system must be designed for relatively }OW‘light
levels adcordiﬁg to estimates made at this time. The?ﬁgximum esti-
mated light levels at the subsolar region on Titan are éﬁgﬁt 009 W/m2
which is ‘about’'3 times full meconlight on'earth.” The moré likely light
levels will be reduced somewhat (possibly a factor of 2) by the pres~
ently ﬁobfly defined cloud layers in the Titan atmosphere,

A more detailed discussion of this situation is given in Section
V¥ C 3, for the surface imaging camera. However, in summary, the pre-
ferred design approach is to use either available light or a light
intensifier depending on the assessment of iight requirements at the
time of hardware degign.” If the current light level estimates are
correct, a CCD type iﬁagéi has sufficient sensitivity to obtain images -
Withouf'adgmehtéfion.‘ The second choice would be to add a light inten—
sifier, TIntemsifiers are being built and used today with gains from
10,000 to 40,000 and these deyices.are very small and lightweight.
They do, however, require a-high voltage power supply. Other more
drastic approaches.were .considered .such as dropping flaxes- but the

above discussed approaches appear -satisfactory at this.time, .- . .
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3. Surface Science

a. Implementation Problems - The primary implementation problems
arise from the uncertainty in the surface characteristics. At this time,
the atmosphere and surface model unceftainties are so broad that it is
possible to have a surface coﬁsisting of combinations of solid ices and
clathrates, or relatively soft "snow", or even liquid nitrogen. This
situation complicates surface sample acquisition and the design of a

reliable seismic experiment with effective coupling with the surface.

The -uncertainty in light 1evels_at the surface due to unknown
cloud densities will require an automatic ligh£ 1§ve1 camera adjustment,
however, this is commonly done within the current state of the art.

If new science analysis, based on data from the Pioneer 11 and Véyager
missions, results in significantly lower light level than cﬁrrently
estimated, then artificial light sources may be required. However,
current light level estimates indicate that preéent camera systems
alone or in conjunction-with light intensifiers can satisfactorily

image the surface in the genreral vicinity of the subsolar regiom.

It is anticipated that the uncertainties in the Titan atmos-—
phere light levels and surface characteristics will be considerably
narrowed before the hardware design phase starts sometime after 1983.
Within the current model definitions, it appears that no major new
developments are required. If the uncertainties remain rather broad,
it will result in more costly solutions to the surface science imple-

mentation, but reasomable concepts are available.

b. Design Approach - The surface science experiments have been
described in Chapter TII, Section IIIhD and include the following:

0 TImpact accelerometer

o Meteo;ologf

o Composition (GCMS)

o Active wet chemistry "ozone analysis"

.0 Alpha-backscatter

o Surface imaging
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o Microscope
o Passive seismometer

o Precipitation experiment

. The impact accelerometer may use either the entry accelerometer
triad switched-to a high range or, more llkely, a Separate accelerometer
located near the center of gravity of the lander. The 1mpact data w111 ‘
be buffered and later interleaved 1nto ‘the science data stream for ?
direct transmission to the orblter. About 60, 000 data blts are requlred.
The accelerometer is actlvated by the low altltude radar altrmeter which

also triggers release of the parachute for the thin atmosphere designs.

The meteorology,experiment is mounted near the top of tﬁe seience
mast just under the flat microstrip RF antenna and above the 1mager ‘
camera. It consists of hot wire elements 51m11ar to the Vlklng 1ander
meteorology. TFigures V-4 and -8 show the experlment location in the

stowed position on-the Class B and C landers..

The Class B probe-uses the GCMS for .composition measurement and
the expanded' science-payload of the Class C probe:also includes the wet.
chemistry unit and the alpha-backscatter unit. The GCMS experiment. uses
an inlet and manifold system as-illusrrated be}ow Which_allows both par~

allel and series measurements,

. .
Gas Chromatograph

Sample : } . .
Processor Parallel . Ser-i es

Mass Spectroﬁeter
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In series measurements, the sample goes through the GC first and then
the MS as illustrated above. Figure V-5 shows the general layout of
the GCMS and processor.

The wet chemistry ozone analysis experiment is a front end pro-
cessor which feeds the output gases from its reactive chemistry into

the GCMS for detection. This experiment needs more development for a

detailed definition, however, the physical characteristics assuméd.
for this evaluation are based on a fairly’exteosive study by Martin

Marietta of a similar instrument for use omn: a Mars rover concept.
Both of the above composition devices _have a commom requirement

¢

for sample acquisition and dellvery to the’ 1nstrument processor. Figure

V-10 summarizes the requirements, problems, and act1v1t1es related to "

anm

surface sample acquisition on Tltan. Also, a proposed sample acqu151—3

tion concept is shown. A Viking type soil: scoop is not applicable for

e

the Titan surface because the surface probably does not contain any :'.

granular soil or rock. The Tltan 1ow bulk den31ty indicates that the'~

body must consist mainly of “ices Wlth a lowwpercentage of rock Which'
is probably at the core rather than on the surface: It has been postui
lated that various organic compounds have formed in the atmosphere and
aerosol layers and precipitated out to the surface over a long period
of time. Based on these considerations, the surface may consist of
ices or clathrates, "snow" from'atﬁOSphe;ic gases or aerosols, and pos-
sibly liqguid nitrogen. For compositioplmeaSufements, it is a require-.
ment to obtain and seal the sample so that no fractions are lost-in ‘
handling. The sample’must be heated throughout to 'a controlled tem-

perature level and then the gases are carried to the GCMS for-ﬁetection‘_

This process is repeated in 8 to 10 steps in order to accurately define

- o - v =

the composition. = . ..

. . . R row . . '
s

-

The prcoblems are listed in Figure V-10. The ‘surface uncertainty
makes it difficult to obtain and handle the sample. The concept shown
assumes that the surface is primarily ice or dense snow. If a liquid
surface is encountered, it would probably be most practical to have a

secondary, parallel sample scquisition system capable of handling
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Figure V-10  Surface Sample Acquisition
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liquid. Tn the solid surface case as shown, a core type drill is pro-
poséa'ﬁhich extends into the surface,‘either cuts a sample with slow
rotary motion or by means of impact, retracts the sample to the heater
coillhrea, and finally applies heat to drive off the gases, The con-
cep£ assumes the core sample extraction and movement into the .heater
area is done fairly rapidly so that only the sample sﬁrface'may be
lost to melting or crumbling. As long as the bulk of- the sample is
undisturbed, the scienéific résults will Be valid. Laboratory tests
of‘a\core type drill Wéré performed by JPL in a study titled ‘Mars
Permafrost Sampling Requirements' and Martin Marietta, under NASA con-
tract is currently working on the same basic problem in an effort
titled “Study of Sample Drilling Techniques for Mars Sample Return
Missions”. Additional development is required to perfect these tech-
niques since problems hav;‘beeﬂ encountered with -the sample partially
melting during the coring operation;'then refreez%ng inside the cére

tube. However, methods of solviné these problems have heen proposed.

An optional sample acquisition techpique involves placing a
tube and heater on-the surface and carrying only the gases up from the
surface to the GCMS. This approach is less satisfactory from a science
standpoint because there is little control of the bﬁlk'temperature and

less information can be obtained in.this manner.- -

The alpha-backscatter experiment- -requires that a sample be
placed very close to the alpha-source and detectdr. This is especially
important if the thick atmosphere is encodﬁte;ed since alpha particles
are significantly absorbed by dense atmosphere. Two concepts were con-
sidered for this application and are illustrated in Figure V-11. The
one concept consists of carrying the sample:to*the sensor as was pro-
posed for the GCMS experiments. For the a}pha—backscatter‘device, the
microscope, and the seismometer it appears practical to deploy' the
sensor to the sample or surface as shown.in the figure. This implemen-

tation is also shown for the Class C probe im Figure V-8.

The microscope also requires.accurate positioning of the sample

because of the very short focal length inherent in the opties. By
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Figure V-11
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using a fiber optics extender, the object lense can be brought close
&

to the surface without destroying the sample by handling. Also, a

small light source can be mounted to the head of the microscope to

provide known intensity and direction of the light.

The seismometer has a uniqﬁe problem in obtaining effective
coupling with the surface. Tdeally, the sensor should be placed in
direct contact with the solid surface. For the icy surface, this can
be accomplished by driving the sensor box down uﬁtil spikes are securely
forced into the surface. The box must be well thermally insulated and
heated with small resistance ﬁeaters to surwive many weeks. TIf the

surface is soft and "snowy" then poor coupling will result.

For imaging, the requirements and lighting coﬁditions are given
in Figure V-~1Z2. The descent imaging experiment was discussed in Section
V C 2 b, however, the lighting situation is similar. As-shown in the
figure, the requirement has been established to obtain'afmiﬁimum of
one complete 360° panoramic color image of the surface area'after touch-
down. Since a color image requires three black and white images using
different filters, the imaging effectively has triple redundancy for
black and white imaging thus improving the probability of receiving
some pictures. The maxim@m"light level at the subsolar region is esti-

mated to be .009 W/m?. This:is equivalent to about three times a bright

moonlight night on earth.: This light level is more than sufficient for
excellent, high céntrast imaging with current CCD or facsimile silicon
photosensor array type cameras. The probable surface light level:may
be reduced by atmospheric aerosols by a factor of two or so; however,
if this reduction is very large a light intensifier may be added to

the camera opties. Light intensifiers use very little power, are com-
pact, and those available today provide gainé of from 10,000 to 40,000.
They do require a high voltage power supply just as’'the maés spectrom-
eter does. However, toda§'s CCPs and photosensors are extremely sensi-
tive and, with appropriate noise subtraction techniques used today, the
addition of intemsifiers or artificial light will ﬁrobably not be
required. If the light levels turn oﬁt to be unexpectedly low, which
is not likely, artificial light sources could be included such as

synchronized Zenon or laser spotlights, f£loodlights, or flares.
L3
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Figure ¥-12  Imaging Requirements

REQUIREMENTS
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—

o MAXIMUM LIGHT LEVEL \\\“‘-\J ‘ [,,/”’/’
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4. Alternate Science -~ Bgllgon Sande

a. Implementation Problems ~-The primary considerations in the
design of a balloon sonde for use on Titan include the Impact of the
extremely low temperature, reliahle inflation and deployment of the
balloon, and selection of the inflation gas. The baseline design pro-
vides a temperature "and pressure profile with altitude and transmits
its data back to the lander .for storage and later.retransmission to the
orbiter. - A more ambitious option would.be- to-also track the balloon
from the lander to obtain wind data; however, this option would reqeire

the addition of .a directional antenna on the. lander.

Titan atmoséheric temperatures may be as low as about 70 K at
balloon operating altitudes in.the thick atmosphere. The balloon mis-
sion does not appear feasible in the thin atmosphere model because of
the low densities.' The low temperatures require a.well insulated bal-
loon gondoleuto-thermslly protect the electronics during ascent. How—.
ever, the most eritical problem associated .with the low temperature is
the selection.of a balloon skin material that .will remain reasonably
flexible when exposed to the enviromment., Many.conventignal balloon
materials such as Myiar or Kapton become brittle at the anticipated
temperstgres. Furthex evelﬁation‘of available materials is required’
to fully assess thissprsbiem. Certain classes of plastics such as
Teflon do retaln some flex1b111ty at low temperature and Wlth suffi—
cient pre—heating of the materlal prior to deployment and 1nflation

a practical de51gn may be p0551b1e.

The palloon_could be inflated with helium, hydrogen, or hot
atmosphere. As discussed in Chapter III the hot atmosphere, solar
heated Montgolfiere type balloon concept was dropped from further con-
sideration at this time because the estimated solar energy available
at '‘reasonable float altitudes was insufficient. Cursory assessments
of an actively heated hot atmosphere balloon by both Dr. Blamont of
-CNES and by Martin Marietta indicated that a reasonable design would

be exce331vely heavy for this particular mission design.
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Helium gas is proposed for the baseline design of a balloon
sonde because it results in the lightest weight combination of infla-
tion gas plus gas storage system. Helium can be stored in titanium
tanks at very high pressures (4500 psi) for long periods. However, if
the boreon or glass wrap tank technology comes of age by the time-the
hardware phase of the Titan mission starts sometime after 1983, then
hydrogen would be the best choice for the inflation gas. Not only
does it have half the molecular mass of helium but it has a lower leak_
rate hecause of its diatomic structure. Unfortunately, hydrogen cannot
be used in a titanium tank because of its hydrogen-embrittlement of

titanium.

b. * Destign Approach - The helium inflated -balloon sonde design
is summarized in Figure V-13. The science payload- includes pressure
and temperature sensors and a radio altimeter design'-similar to those
commonly used on earth weather sondes. A small battery and ‘transmitter
are enclosed with the electronics in a lightweight box structure and a
layer of insulation maintains the temperature “in the gondola utilizing

the electronics waste heat. The total mass of the gondola is 2.8 kg.

A 4 m diameter helium filled balloon is required to proviéé
flotation for the system and it ‘reaches full 1nflat10n at an altitude
of 167 kmr(2867 km radius) which is about 4 den51ty scale helghts
above the 607% probable surface in the thlck (nltrogen) atmosphere,
The schematic in Figure V~13 shows the proposed inflation and packag~
ing concept. A 31.5 cm diameter titanium tank which weighs 10.8 kg
contains 0.7 kg of helium at 4500 psi pressure. The total syétem
. Weighﬁ including gondola, balloon tank, and support structure is 19.0
kg. The balloon is folded on top of the gondola and enclosed in an

insulated canister.

A short period before deﬁioyment of the halloon sonde, the
battery will be remotely activated and the canister pie—heater will be
energized to héat soak the balloon material and assure that it becomes

flexible before the deployment and inflation process begins. Then a
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Figure V-13

Balloon Concept - Thick Atmosphere Only
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pyro valve releases the helium gas through a constricting orifice into
the balloon and as it starts to inflate it forces the insulated cover
off.. The helium bubble will buoy the top of the balloon up thus deploy-
ing its full length. After the helium tank is exhausted a2 second pyro
device will sever the helium £ill line thus releasing the balloon sonde.
As the balloon ascends it will measure pressure, temperature, and alti-

tude and trensmit the data back to the lander for storage.
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D.

LANDING SYSTEM OPTIONS

The baseline landing concept is a hard lander configuration
. described in Section V B 2 for the Class B probe. This section com~
.béres a soft lander concept similar to the Viking lander with a hard
lander. 1In addition, a discussion of landing and flotation considera-

tions for a liquid or snowy surface are presented.

1. Hard Versus Soft Landexr Comparison - Early in the study az trade

off between hard versus soft landers was performed for the Class B

- probe designed for the thin atmosphere.

The results of this analysis showed that the soft lander reduced
the landing shock by slightly more than an order of magnitude, i.e.
30 g's vs 300 gts. However, the 'soft lander cost and Weigﬂf;was
higher than that of the hard lander; i.e. 80% and 10%-respectively.
The hard lander concept was selected over the soft landef qn‘the

basis of unfavorable weight, complexity, and cost penalties.

The hard lander configuration shown in Figure V-4, uses a combina-
tion aeroshell and crushable honeycomb shock attenuation system. The
system is designed to limit the touchdown deceleration to less than
300 g's with a 20 m/s impacﬁ velocity and a 15 cm éfroke. A short
range radar altimeter provides t@e signal to release the parachute at
about 100 m altitude "and- the landér then free falls to the surface.
The weight chafacteristiés of this design are showp in Table V-3.
Note that the science paﬁlqad_is‘somewhat less than that of the Class
B probe baseline design of Section V-B-2. This trade off was done
early in the study and the baselipe‘sciénce payloads were redefined
at the midterm meeting. However,.tﬁe relative comparison of the hard

versus soft lander designs is wvalid.

The soft lander configuration is shown in Figure V-~14 and it is
conceptually similar to the Viking lander. The Lsander is packaged
inside the entry aeroshell and, after entry, the parachute is deployed
which extracts the lander from the aeroshell. The lander then descends

]
through the atmosphere on the parachute until it reaches an altitude
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Table V-3  Class B Probe Weight Comparison - Hard Versus Soft Lander

MASS, KG
HARD LAN#ER "'SOFT LANDER

SCIENCE ‘ 40.2 ' 40.2
TELECOMMUNICATIONS 3.9 ' .9
DATA HANDLING AND CONTROL 6.2 6.2
POWER/PYRO/CABLING ' 22.7 23.6
THERMAL : 8.8 . 8.8
STRUCTURES /MECHANISMS 52.8 ‘ 75.7
ATTENUATOR STRUCTURE s 22:0° -,
RADAR ALTIMETER - 1.0 -
SOFT LANDER SYSTEM: '

TDLR/RATE GYRO - .3

VALVE DRIVE AMPLIFIER - 4.5

MICROPROCESSOR - .3

PROPULSION/ACS - ~10.0
SUBTOTAL o 15746 184.5
15% CONTINGENCY 23.6" _27.7

TOTAL " is1.2 | 212.2
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Figure V-14

Class B - Probe/Lander Configuration (Soft Lander)
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of 100 m above the surface. At this point the terminal descent and
landing radar (TDLR) signals release of the parachute and activation
of the terminal descent propulsion. A guidance and attitude control
subsystem are required to bring the lander to the surface. Three
terminal descent engines with controllable thrust provide thrust
level, pitch and yaw control and two small thrusters provide roll
control. A touchdown velocity of 2 m/s or less can easily be
obtained. The landing legs use crushable material for shock atten—

uation and this eliminates possible rebound at touchdowm.

Table V-3 presents a weight comparison for the two concepts and
a cost comparison is given in Chapter VIIIL, Table VIII-3. In summary,
the soft lander concept increases the weight over that of the hard
lander by 17%. The soft lander requirés the addition of the following

subsystems:

o Terminal descent and landing radar (TDLR)
o Rate gyro

o Valve drive amplifier (ACS control)

o Microprocessor

o Propulsion/ACS

o Landing leg structure and mechanism
By comparison, the hard lander required:

o Heoneycomb shock attenuator system

o Radar altimeter

The increased complexity of the soft lander over the hard lander is
reflected .in the dbove comparison of additional subsystems and in the
cost compérison. From Table VIII-3 of Chapter VIII, the soft lander

cost is about 80% greater than that of the hard lander.

2. Snow or Liquid Surface Considerations - The baseline design

concept, which retains the entry aeroshell configuration to the surface,
provides a large surface¢area on contact with a soft, snowy or liquid
surface. On a goft or snowy surface this configuration minimizes the
penetration a%%'provides a very stable platform for sﬁbsequent science

measurements.
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The lander capsule buoyancy characteristics in liquid nitrogen
(density = 810.4 kg/m3) were investigated. It was assumed that the
capsule was sealed internally in the area of the deployed nose cap
ané deployable science sensors and at the aeroshell/base cover inter-
face. The capsule will float in the upright condition with the ligquid
surface approximately 9 cm aft of the aeroshell/base cover interface,
Figure V-15. TIf the capsule is displaced as shown at the right side
of the figure, a restoring moment is produced which tends to return
the capsule to its upright position, denoting a stable buoyancy con-
dition. A deployable outrigger design could be added for greater
stability as.illustrated on Figure 15 if there turned out to be a
high probabiliéy of a liquid surface. Additional data on the prob-
zble surface characteristics are expected to be available prior to

hardware design.



Figure V-15 Lander Buoyancy Characteristics
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CLASS B PROBE IN 10% PROBABLE THICK ATMOSPHERE

1. 1Introduction - This section presents a discussion of the impact

of the extreme 10% probable surface in the thick atmosphere on the base-
1ine Class B prohe design.t At the midterm meeting it was decided that
the bulk of the configuration trades to be completed in the study
should be limited to the 60% and 30% probable surface locations since
the 10% probable surface would unrealistically drive the_ﬁesign conclu-
sions. However,_the impact of designing to the 10% surface was eval-

uated and the results are presented in the following paragraphs. .

The primary effect of probe descent to the 10% probable surface:is
an increase in descent time of about 3.8 hours beyond the 30% probable
surface and an altitude increment of 43 km. Although_ghe pressure
rises up to about 21 bars at the 10¥% surface, the environment has very
little impact on the system design. The major impact results from the .
additional 3.8 hours of descent time_wh;rein ﬁore total battery energy

is required and the probe to orbiter communication link vrange is

increased.

Two design approaches were evaluated for meeting the increased
time requirement. The first was to maintain the baseline configura-
tion and evaluate the impact of the increased time on battery size,
communications range, increaéed‘transmitter power, and modified
orbiter flyby altitude. The second approach was to consider staging
from the entry configuration into a higher ballistic coefficient
shape which would reduce the descent time.back to something like the
baseline descent time. Each of these concepts and the resulting

system impacts are discussed in the following paragraphs.

2. Class B Probe Baseline Configuration in 10% Probable Thick

Atmosphere - The Class B probe baseline configuration was designed to

descend through the 60% probable surface location (2786 km radius) and
on down to the 30% probable surface (2743 km rad{us). Figure IV-14 of
Chapter IV presents the entry and descent time history for the thick
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(nitrogen) atmosphere case. The descent time after entry to the 30%
probable surface is 4.8l hours and to the 10% probable surface is

8.68 hours or an increase of 3.87 hours.

In order to accommodate the communications link and maintain the
orbiter in view of the probe, the orbiter radius of closest approach
for the baseline design was raised from 12.8 Rp (Titan radii) to 20.0
Rp for the 10% probable surface design. The resulting communications
link geometry is shown in Figure V-16 and can be compared to the base-
line design link of Figure VI-2. The touchdown times are shown on the
figure for the 60%, 30% and 10% probable surface locations for the

baseline subsonic descent ballistic coefficient of 94 kg/mz.

‘The resulting system design changes are summarized in Table V-3,
The increased descent time resulted in increased communications link

range, increased RF transmitter power, increased battery supply time °

and, therefore, increased total battery size. The required battery
energy nearly doubled over that for the baseline design, All of '
these increases resulted in an increase in probe thermal and strue-
tural support requirements with an overall weight increase of 30%
over the baseline design as shown in the weight summary included

in Table V-3,

3. Vehicle Incorporating Staging to Increased Ballistic Coeffi-
cient - The second approach to designing a probe to meet the require-
ments of descending to the 10% probable surface was to stage to a
higher ballistic coefficient in order to reduce descent time. Figure
V-17 illustrates a few of the configurations that were considered for
this approach and compares their characteristics to the baseline entry
shape.

The baseline shape is a 70° half angle cone entry configuration
which is maintained to the surface. A segment of a sphere covers the
back side and provides good packaging volume. Its subsonic ballistic
coefficient of 95 kg/m2 results in a descent time of 4.9 hours to the

30% probable surface (2743 km radius) and 8.7 hours to the 10% probable
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Configuration Geometry - Thick (Nitrogen) Atmosphere - Lohg Range
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Table V-3  Comparison of Baseline Probe Design Parameters with
10% Probable Surface Probe Design

Class B Probe

Baseline
30% Probable Surface 10% Probable Surface

Descent Time from Entry, hx. 4.81 8.68
Communication Design Range, km 50,000 76,000
Design Data Rate, bps 750 960
Transmitter RF Power, W 6 20
Battery FEnergy Required, W~Hr ' 1,392 2,495

Wedight Comparison, kg

Science plus Margin 51.0 51.0
Telecommunications 3.4 4.8
Power/Pyro/Cabling - 43,6 66.6
Thermal | 16.4 24.2
Structureé/Mechanism 69.5 96.8
Data Handling & Control 12,6 12.6
Subtotal 196.5 256.0
15% Contingency 29.5 38.4
Total : 226.0 294.4
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Figure V-17  Thick Atmosphere - Configuration Considerations -
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surface (2786 km radius). This configuration-has good landing sta-
bility and low surface penetration because of its large forward sur-
face area. As described in Section VD 2, the configuration also

!’floats on a liquid nitrogen surface if appropriately sealed.

v

The second configuration is a typical.low angle blunted comne shape
awhich reduces the drag considerably, however, it is more difficult to
“.package &engely with a sufficiently far forward center of gravity for
;;ability. It does reduce the time of descent somewhat and this shape
could be used as the entry configuration with no staging required. Its

di:sadvantage is that it would require an attitude erection system after’

touchdown. ..

The third shape is a sphere with a "burble" fence attached for
stability. This shape packages better than the blunted cone and sig-
nificantly reduces the descent time. It also requires an attitude
erection device, however, it would be relatively easy to roll upright.
Its matural flotation stability in a liquid would be poor although

outriggers could be added. It probébly requires an aeroshell for entry.

The last shape is essentially a cylinderxr stabilizéd by fins and, by
extending the length, the ballistic coefficient can be increased to
nearly any desired value. This configuration has poor packaging, poor
landing stability, and poor flotation: It also requires’ an attitude

erection system -after touchdown.

In summary, all of the higher ballistic coefficient configura-
tions require considerably more complex systems for touchdown and
attitude erection. Also, they appear less versatile than the baseline
concept from a packaging and surface flotation standpoint. Since the
baseline concept can be adapted to the greater descent. depth (ie: 107
probable surface, Section V E 2) with a reasonable weight penalty of
30%Z, the investigation of the higher ballistic coefficient concepts

was not carried any further.
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CLASS B éROBE EXTENDED SURFACE MISSION

A trade study was conducted to evaluate the impact of extend-
ing the Class B probe baseline missiqg beyond the initizl landing
for another 32 Earth days or two Titan days. The extension would
allow measurement of meteorology data over two diurnal cycles and

additional composition and imaging at time of re-encounter.

Table V-4 compares the probe designs for the two mission
options. ‘The baseline probé performs its primary surface mission
in 1.5 hours and continues secondary science measurements until
the orbiter passes out of communications range a few hpuré later
thus rterminating the mission. The extended mission operates in
the same sequence during the initial landing period. After the
orbiter goes out of range, the extended mission proBe is powered’
down so that only the meteorology and data handling subsystems
are operatirdg. An RTG provides power for both the active elec-
tronies and for recharging the primary batteries. Its waste heat
is used in conjunction with isotope heaters feor thermal control.
The same primary batteries can be used for both probes without
change since they have the same energy requirements during the
orbiter inifial encounter and second encounter periods and the

RIG recharges these batteries before seccnd encounter.

The weight compa¥ison illustrates -that the extended mission
requires less_than 10% more weight than the baseline mission.
The additicon of the RTG and associated power control equipment
as wel]l as additional thermal control resulted in the increased

probe vplume and structural weight.

The increase in program cost for the extended nmission is

$6.9 M compared to the baseline cost of $78.0 M or an increase

of 9% as discussed in Chapter VIII and detailed in Figure VIII-S.
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TabTe V-4  Comparison of Class B Probe Baseline and Extended
Mission Concepts

Class B Probe

Baseline S 32-Day
{Initial Landing  Extended
pnly) Mission
Surface Mission Time 2.5 Hrs. 32.2 Days
Battery Energy Reqqiréd, W;Hrs.. 812 ‘ 812
RTG Power Required (BOL), W . TNome 12
Additional Science Obtained = _‘Meteopglogy-
Imaging
Composition .
Weight Comparison, kg
Science plus Margin® 51.0 51.0
Telecommunications ) 3.4 3;4 ‘
Power/Pyro/Cabling . 43.6_‘ 45.6’
Thermal . 16.4 18.4
Structures/Mechanisms o 69.5 82}6
Data Handling & Control 12.6 12.6
Subtotal : . 19.5 213.0
15% Contingency ] ‘ 29.5 31.9
Total .’ 226.0 244.9
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VI.

SUBSYSTEM DESIGN

INTRODUCTICN

This chapter describes the various subsystem designs and dis-
cusses critical design and integration considerations. Because of
the large number of configurations covered in the study matrix,
Figure V-2, the subsystems are discussed in general terms with
specific examples defined where appropriate. 1In Section VI B, the
science mission sequences are identified and the data rate require-
ments for each probe class are established. DUsing these data rates
in conjunction with the communications geometry between probe and
orbiter for each design, the RF transmission power and input power
requirements were determined, Section VI C. From these results
the data handling system .was defined, Section VI D, and from the
total power load history the probe power subsystem was established.
Findlly, using all heat loads from the electronic subsystems,
requirements for thermal insulation and aédiﬁional heat sources

wera determined, Section VI F.

SCIENCE SEQUENCES AND DATA RATES

*

The science sequences and resultant data rate requirements are
based on required sciencé instrument measurement periods and samp-—
ling intervals. ThHe individual instrument data rates were speci-
fied in Chapter III, Table ITI-2, and the entry and descent time
profiles for the thin and thick atmospheres are shown in.Figures
IV-13 snd IV-14. ‘

The science instrument mission operational phases were deter-
mined from the science measurement requirements and are summarized
by probelclass in Table VI-1. The operational phase times are
shown at the bottom of the figure for both the thin and thick
atmosphere medels. The major difference between atmosphere models
is reflected in the descent time to the surface. The bars indi-

cate the period in which each instrument operates, and the probe
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Table VI-1 Science Instrument Mission Operational Phases

)

PROBE CLASS MISSION OPERATIONAL PHASE /
] ) : “EXTENDED
WARM-UP A TOUCHDOWN SURFACE

SCIENCE A B ¢ CALIBRATE | PRE-ENTRY | ENTRY | DESCENT | INITIAL SURFACE | STORE/AUTO RE~ENCOUNTER
PRE-ENTRY

1. MNeutral Mass Spec X% i

2. ION Mass Spec X

3. Retarding Potential Analyzer X X

4. Clectron Temperature Probe X X )
ATMOSPHERE

1. Atmozs;:;here Structure Instrumént X X X

2. MuTtispectral Radiometer X X X

3. HNephelometer with DTA X X X

4. WNeutral Mass Spec X X X

5. Gas Chromatograph X X X ’

6. Descent Imagery X X

7. Doperler/Wind {Stable Osc.}) X X ¥ 5 Hrs
SURFACE ) ' Class B & C— Class C

1. Impact Accelerometer X ¥ — )

2. Composition (GCMS) XX

3. Meteorology ) X X

4. Surface Imaging X X

5. Passive Seismometer X

6. Microscope X —_— + —

77, Precipitation Experiment X

8. Active Wet Chemistry X

9. Alpha-Backscatter X X
MISSION TfME (THIN ATMOSPHERE) MIN. 10 33 _]1 25 90 (32 Days) 96
MISSION TIME (THICK.ATMOSPHERE). MIN. 10 33 8 283(1) 90 {32 Days)

90-

NOTE: (1) Descent to the 30% probable surface location.




class for instrument application is indicated by the check. The
Class A prohe does not obtain pre-entry science measurements or

surface measurements while the Clzss B mission is complete after
the initial surface period, The dashed 1iné§ indicate operation
of the Class C science in the extended periocd required of this

probe class,

Table VI-2 summarizes the probe data requirements by mission
operational .phase for each. probe class in the thin and thick atmos-
phere models. It was assumed that all probe designs reguired a
10-minute warm—up and calibrate period with data storage. In
addition, it requires a 5~hour period to warm up the stable oscil-
lator, however, nc data storage is required during that time.

‘Only the Class B and C probes have pre-entry scienbe and .this data
is stgred for later transmission during descent. The worst case
thin atmosphere pre—entry time.of 33 minutes was assumed the sanme
for both the thin and thick atmosphere, The differences in atmos-
phere model composition and altitude profile resulted in smaller
density scale heights for the thick atmosphere. The science data
is transferred from the pre-entry module te the emntry probe tﬁrough‘

the connecting cable and stored for later transmissdon.

During the entry phase, the atmospheric structure instrument
data is stored, and also transmitted throughout entry and possible
blackout in order to provide a signal using the stable oscillator’
to gain additional information about the atmosphere. Both Doppler
tracking data and signal degradation due to blackout can be obtained
during this period. The entry science data is proportional to the
entry time in each atmosphere model. This data as well as sll
pr%yiously stored calibration, pre-entry, and entry data are inter~
leaved and transmitted to the orbiter during the descent period.

The total bits shown in the descent phase include both stored and

newly measured science data.

For the (Class A probe designs, the communications link is

designed by the descent data rate and range requirements. Since

Vi-3



#—1A

Table VI-2

Baseline Probe Data Requirements by Mission Opérational Phase

- (4)

WARM-UP TOUCHDOWN EXTENDED

PROBE DESIGN CALIBRATE PRE-ENTRY ENTRY DESCENT INITIAL SURFACE SURFACE RE-ENCOUNTER
THIN ATMOSPHERE, TIME, MIN 10 33 .]1 25 90 {32 Days) 20
Class A _ -

0 Total Bits Bits 10,000 - 15,345 50,720 - - -

o Data Rate bps Store - Store 96(1) - - -

30 M 60 ¥

Class B e nBl2) 6

o Total Bits bits 10,000 72,000 15,345 2,3X10 4,1%106 2.2X10 -

-0 Data Rate bps Store Store Store 1,560 2,284 630 - -

60 M 30 M

Class C (2) 5 - 6

o Total Bits bits 10,000 72,000 15,345 2,56x10° 4.6X10 1.1x106 14.2x106 14.2X10

o Data Rate bps Store Store’ Store, 1,722 1,283 600 Store 2,625
THICK ATMOSPHERE, TIME, MIN 10 33 -8 283 60 . 30 (32 Days} " 90
Class A ‘ 5 o (1) -

o Total Bits " bits 10,000 = 12,960 120,500 7. - :

o Data Rate bps Store - © Store 21 - -
Class B . N '3) . .6

o Total Bits bits 10,000 - 72,000 12,960 |, 12.7}(105( 4.1X70 1.1X10 - -

o Data Rate bps Store Store Store 750 1,142 600 - -
Class C ) ' < 6la) 6 6 6" 6
o Total Bits bits 10,000 ° 72,000 12,960 17.3x106(4 4.6X10 1.1X70 14.2X10 14.2X70
o Data Rate bps Store Store Store 1,018 1,283 600 Store 2,625

Class B to 10% Surface .o . ' 6
o Total Bitse bits 10,000 72,000 12,960 12.7X10°, 5.2%100 - -
o Data Rate bps Store Store . Store 750 950 | - -
NOTES
(1)

(2)

Two descent images

Multiple playback of entrj’data

(3) ETeven descent images

Fifteen descent images




the rate requirement was modest, the stored data was assumed to be
retransmitted about four times. For the Class B probke in the thin
atmosphere, a minimum of two descent images was required while in
the thick atmosphere, sufficient descent time was available to
obtain eleven or more images, The data rate and communications
range in the deséent phase were balanced against those of the sur-
face operation period in order to minimize the transmitter power
requirements. 1In general, the surface opération requirements
designed the system thus allowing additional imaging measurement -

during descent.

The orbiter and probe link geometry and timing, Figures’VI—li
and VI-2, were adjusted for each probe design to miﬂimize the
range during the surface operation so that a high data rate could
be used to tramsmit the bulk of the real time imaging and composi-
tion data. The major portion of the surface data, Ax}QG bits,
is made up from the three black and white filtered images which

constitute one color 360-degree panorama.

The Class G probe designs also operate during an indefinite
cycle of 32-day increments and all data must fe stored dpring each
period for transmission to the orbiter on its fe—encouhter. During
the re—encounter, -the orbiter is targeted to a relatively low flybf
altitude so that a high data rate can be used to transmit the stored

data.

These data rates were used in conjunction with the orbiter/probe
range profiles to determine the communications transmitter power

requirements of Section VI C.
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PROBE TELEMETRY SYSTEM

The prpbe telemetry system is based on providing the RF power
required to transmit at the required data rate over the worst-case
range for each design condition. The seven designs are listed in
Tables VI-3 and ~4. The data rates for each design are hased on
both science instrument requirements and ﬁariations in descent
times as discussed in Section VI B. The communications link
geometry (range and aspect angles) used in the design are shown
for the thin and thick atmospheres in Figures VI-1 and -2. The
aspect angle is measured from the probe centerline to the orbiter.
The radius of closest approach for the thick atmosphere was raised
to 12.8 RT (Titan radii) compared to 6.1 RT for the thin atmosphere
in order to maintain the orbiter in view during the long probe
descent time in the thick atmosphere. The reldtive timing between
the probe and orbiter has been adjusted for each design case to
balance and minimize the descent and surface transmission require-

ments.

L]

Other performance parameters of the RF link are based on the
Jupiter Galilec probe design. The baseline design for the JOP
transmitter operates at 1400 MHz uéing phase modulation (BPSK)
with a convolutional code compatible with a .3-bit soft decision

Viterbi decoder to provide code enhancement.

The transmitter power required for each baseline design was
caleulated based on the guidelines discussed previously. The
thick atmosphere requires the largest probe-to-orbiter communica-
tion ranges and Class C thick with the highest data rate, requires
the maximum transmitter power. An alternate trade was also done
for a Class B thick case, which descends to the 10% probable sur-—
face with a much increased descent time and communication range

of 76,000 km. This design is discussed in Section V E.

The communications link summary for the worst-case baseline
design (C thick) is shown in Table VI-5. A 10-watt transmitter

operating at 1400 MHz is required to operate with a 3 dB margin
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Tahle VI-3 Communication

Link Summary

Data Max. RF
Rate Range Power Margin
Design Case {bps) (km) (W) (dB)
- Thin Atmosphere
A 96 17,000 1.0 13.7
B 2,284 18,200 2.5 .0
¢ 2,625 18,400 3.0 3.0
Thick Atmosphere
{30% Probable Surface) :
A 21 55,000 1.0 20.1
B 750 50,000 6.0 .3
B. Long Range 962 76,000 20.0 .8
C 1,283 49,000 10.0 .3

NOTES: 1. The worst-case probe design from a data transmission

standpoint is C

thick.

2. Design B tﬁick, Tong range, is an alternate trade and
was considered separately.

3. The margin is over the RSS of the adverse tolerances.
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Table VI-4

4

Titan Probe Telecommunication Subsystem

- s

8-IA

ATMOSPHERE
THIN THICK (30% SURFACE) THICK (10% SURF)

PROBE CLASS A . c A B c B
REQUIREMENTS

o DESIGN RANGE (KM) 17,000 18,200 | 18,400 || 55,000 | 50,000 | 49,000 76,000

o MAX. BIT RATE (BPS) 96 2,284 2,625 21 750 1,.283 960

o OUTPUT POWER (W) 1.0 2.5 3.0 1.0 6 10 20
ASSUMED BEAMWIDTHS:

o PROBE ANTENNA A = 70° (3 dB DOWN)

o ORBITER ANTENNA A =12.89 (3 dB DOWN) MUST BE POINTED IN SEVERAL INCREMENTS

SYSTEM DESCRIPTION

o BIT RATE DETERMINED BY SCIENCE SEQUENCE AND TRANSMISSION TIME AVAILABLE
o COMMUNICATION LINK WITH ORBITER ONLY .

o COMMAND LINK ONLY TO CLASS C PROBE CFROM ORBITER)"

o CLASS B PROBE TRANSMITS DATA TO ORBITER ON INITIAL ENCOUNTER

o CLASS C PROBE TRANSMITS DATA TO ORBITER ONCE EVERY 32-DAY CYCLE

o MICRO STRIP ANTENNA PROVIDES 70° BEAMWIDTH .
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Fi'gur'e VI-1 Communications Geometry - Thin (Methane) Atmosphere
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Figure-VI-2  Communications Geometry - Thick (Nitrogen) Atmosphere
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Table VI-5 Class C Probe/Lander, Thick Afmosphere Communications Link
Summary, Reference Design

Nominal Adverse
Parameter (dB Except as Indicated) Value Tolerance
1, Transmitter Power Out, dBm, 10 W 40.0 -0.3
2. Line Loss ( 3-ft coaxial cable) -0.5 -0.1
3. Antenna Beamwidth 1400, Peak Gain 4,4 -0.1
4. Pointing Loss @ 70° Aspect Angle- -3.0 - -0.2
5. Space Loss, 49,000 km, 1400 Miz B ~189.4. ~0.2
6. Atmospheric Absorpéion at Surface . =0.2 0.0
7. Fading Loss . ;O.l 0.0
8. Polarization Loss ~0.3 ~0.1
9. Receiving Antenna Beamwidth 12.80, Peak Gain 20.5 -1.5
10. Line Loss to Receiver (6-ft Cable) -0.9 0.0
11. Pojinting Loss -3.0 - =0.4
12. Net Circuit Loss (& 2—»11) 172.5 -1.6
13. Received Power, dBm (L + 12) 132.5 R
14, System Noise Power Density; dBm/Hz o - -172.8 =1.0
Referred to Antenna, T = 380 + 100 K )
15. Received Signal-to-Noise Density,, dB-Hz (13-14) 40.3 -2.0
16. Data Rate,1283 bps ] 31.1 0.0
17. Receilver System Losses, Noisy Phase Reference . ~0.9 ~0.1
0.2 dB, Other 0.7 48
18. Relay-to-DSN Loss _ -0.3 0.0
19. Net Received Bnergy per Data Bit, Ey/No (15-16+17+18)8.0 -2.0
20. Required E_/N Modulétion, Coding Assumed:
BPSK, Comvolftional/Viterbi, K =7, R = 1/2 3.0 -0.2
21, Margin Over Neominal (19-20) 5.3 2.0
22, Margin Over Adverse Tolerances (21-21 Adv) ‘ 3.3
Conditions:
1. Titan Probe worst-case conditions
2. Orbiter Flyby, RCA = 37,325 km (12.8 R), "Y'= ~30°, T, = 70 min.
3. BPSK, Convolutional Code, K =7, R = 1/2
4, Viterbi Decoder, 3-Bit Soft Decisicn
5. RMS all Adverse Tolerances
6. Thick Atmosphere, 100% NZ’ P=17,5 bars; 30% surface probability.

VI-11



over the sum of adverse tolerances. The data rate is 1283 bps

and the maximum slant range of 49000 km occurs at an aspect angle
near the 3 dB point of the probe antenna. The thick atmosphere
model consisting of nitrogen gas at a pressure of 7.5 %ars pre-~
Sents microwave absorptlon levels similar to the Earth's atmosphere
Absorption in the Earth's atmosphere is prlmarlly due to the pres—
ence of water vapor which is not present on Titan so the attenua-
tion of 0.2 dB is conservative in line 6 of Table.Vi*S._ The thin
atmosphere model which consists of 100% methane also presents neg-

ligible EF absorption of the operating frequency.

The probe antenna is a flat microstrip design 10 cm square and
0.6 cm thick. The antenna is circularly polarized and has a beam-
width of 140 degrees with a peak gain, on axis, of 4.4 4B _which
produces a conical pattern. The maximum axial ratio is 3 dB at the
3 dB beamwidth point. The thick atmosphere design does not have a
parachute and the antemna is located on the centerline-of the rear
portion of the probe. TFor the thin atmosphere design, two antennas
are employed since a parachute is used. 'During descent, an antenna
located parallel to the probe centeriine and on the -aft edge is used
for the relay 1link to the orbiter. After surface impact, the trans—
mitter is switched by an impact switch to' a second- 1dent1cal antenna
located on the aft centerline of the probe on top of the 1mag1ng
mast. This antenna is fed by a coiled, flex1ble coax1al cable
located in the mast. The rece1V1ng antenna is based on the JOP and
has a beamwidth of 12.8 degrees with a peak, on-axis gain of 20.5
dB as shown in line 9 of Table VI-5. Three dB pointing losses are
assumed for both probe and orbiter antennas to account for the
initial contact geometry and less than optimum glignment during

descent.

The approach geometry is such that Saturn is not in the back-
ground of Titan during the mission and the only external sources
of noise temperature are background cosmic noise and disk noise

from Titan. 4 receiver noise figure of 3 dB is assumed for the
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orbiter receiver at 1400 MHz. The resulting system noise tem—
perature is 380°K with. the major contributor being the noise
figure of the receiver, A disk brightness temperature of 100°K
was used for Titan and the orbiter antenmna temperature for the
dipole pattern is 50°K. An uncertainty of 100°K was included

for contingencies. ¢

The receiver system losses due to a noisy phase reference,
other system losses, and mcdulation losses to the DSN from the
orbiter are listed on lines 17 and 18 of Takle VI-5. The
required energy per data bit (ah/No) with coding is based on JOP
which proposes a rate of 1/2, constraint length, K = 7, convolu-
tional code with a 3-bit soft decision Viterbi decoder, This
provides a 3.8 dB enhancement when used with BPSK modulation in
a non-fading enviromment by reducing the Eb/NO from 6.8 dB to
3.0 dB at the design point with a bit error rate of 10™3, This
performance is based on simulations conducted at JPL for the
Viterbi deccder. A convolutional code was chosen due to its
simple encoding structure and the Viterbi algorithm is the base-

line for future probe missions.

The adverse tolerances account for uncertainties, variations
in performance parametérs, and other contingencies not specifi-
cally known at this time. These tolerances add to the RF power
required since a 3 dB margin must be maintained over the adverse
tolerances for a conservative data link. Since all the adverses
tolerances are not present simultaneously, the root sum square
of 2 dB represents the mean adverse condition and was used to
determine the weighted adverse tolerance. This 1s also consid-
ered a ccnservative and realistic approach to handling these

o
random adversities.

Solid state transmitters were selected for each design based
upon standard available power levels with a minimum of 1 watt,
as seen in Table VI-3. Power conversion efficiencies vary from

7% for the l-watt unit to 20% for the 10~ and 20-watt unit. The
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efficlency is mainly a function of packaging, thermal control,
and heat sink size and is higher for the higher power levels
where the enclosure size is larger. The baseline design (C -
thick) requires 10 watts of RF power .at '1400. MHz with an effi-
ciency of 20% and provides 3.3 dB of design margin. Margins

for other designs are a minimum of 3 dB as shown in Table VI-3.
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%

DATA HANDLING SYSTEM

1. Design Requirxements - The data handling system for the

Titan probe is active at some level from the time of separatiom

from the orbiter through coast, pre-entry, entry, descent, and

surface operation. Its general functioms include the following:

-

b,

i,

Pre-separation checkout through the orbiter interface.
At separation, provide a timer for probe activation
prior to entry.

At probe activation, provide sequences for science
instrument warm—up and calibrate. Storescalibration
data.

Provide sequencing of pre—entry science through umbil-
ical to module and store returning data. (Class B

and C only)

At deceleration signal, activate pre-entry module
jettison sequence.

Provide sequencing and data storage of entry science
measurements.

At deceleration and/or timer signal, sequence pyros
for parachute release, nose cap release, and Instru-—
ment deployment functions. (Parachutg in thin atmos-
phere only.)

Provide sequencing of descent science measurements

and interleave stored data with real time data for
transmission to orbiter.

At altitude of 100 m, radar signals release of
parachute. .
After surface touchdown, provide deployment and
sequencing of surface science, and control of data
in or out of buffers and large scale data storage

as required by each probe class.
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The data storage requirements yary with probe class and for the
Class A probe, the small data ﬁemory in the data handling system

unit is sufficient.

For ‘the Class B probe, storage «of a CCD camera fmage is required
and this can be handled by a buffer device called an analog delay
line.

For the Class C probe a more extemsive data wecording capability
is required to handle the large amount of data taken during the 32-

day surface operations.

P - "
These data buffer or storage requirements are as follows:

Probe Class . Maximum Storage (b}'ts)
| Entry Surface
25,000 -
97,000 - - 1.08 x 106
97,000 14,2 x10°

2. Datz Handling System Desigh - The basic data system pro-

cessor for all thrée probe classes' is summarized in Figure. VI-3.
The processor characteristics were based on a preliminary design
which was done by Hughes Aircraft hompany for the Galileo Jupiter
atmospheric entry probe. The memory capacity has been slightly
increased f£rom the originaf design to- meet- the Titan probe require-
ments. The programmable format would be valuable in modifying the
descent sequence based on atmosphere definition update during the
preliminary Titan flyby sequences. At least two flyby ‘encounters
by the orbiter are planned in the baseline mission prior to the

Titan probe release,

3. Data Storage Concepts - There afe three levels of data

storage required in the Titan probe system designs depending on
probe class. As shown above, the entry data storage requirements

for all probe classes are minimal (ie: 25K~97K) and can easily
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Figure VI-3 Titan Probe. - Data Handling and Command Subsystem

0

DATA PROCESSOR
(Class A - 60K, Class B,C - 135K) Memory (Control, Data Storage, Format,

Sequence, Scraﬁch Pad)

(Class A - 25K, Class B,C - 97K) Bits of Storage in Memory
Fixed and Programmable Formats

Fixed or Programmable Descent Sequence

254 Available Command Channels (from Orbiter)

96 Discrete Command Lines (from Sequencer)

79 Output Commands {from DHCS)

6.2 KG; 6556 CM3; 6 Watts

s
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be accommodated by the memory chips in the data processor. These
,ﬁhips are nominally CMOS technology. The Class B probe requires
%uffer storage of one CCD camera image, the last image in the des-
cent sequence. All previous images are buffered temporarily and
then transmitted during descent at a data rate compatible with the
"telemetry system. The last image is taken just before touchdown
“and is stored fo; later transmission from the surface. A CCD

.analog delay live device is used for this applicatiomn.

For the Class C probe, there is a requirement for large scale
data storage (ie: 14.2 x 166 bits) over a 32-day period. Nonvo-
latile memories are available in both bubble and magnetic tape
while low power CMOS and CCD memories are also reasonable. The
state of the art in bubble, CCD, and CMOS memories indicates that
all fhree appfoaches are viable candidates for the.1987 mission.
The standard NASA tape recorder at 108 bits is a very compact,
low power unit. However, it has been dropped from consideration
because of its relatively poor reliability for use in a long 1ife
(8 year) mission. TFor comparison, the NASA standard tape-recorder

has the following characteristics:

o Capacity 5x 108:bits

o Mass :6.3,kg

o Volume . 6077 cm3

o Power . 10 ﬁatés record

15 watts playback

The four storage concepts are compared.in Figure VI-4 and
commercial, non aerospace . qualified bubble and- CCD memory units
are shown in the inset. The CCD memory can be used in a unique
way with the CCD imaging camera. They aré both analog devices
énd the memory can store the image pixel as an analog voltage
before conversion to a digital data stream. The result is that
the analog storage requirement for a 106 bit image is only about

1/12 or 90,000 analog data bits.

VIi-18



6T-IA

Figure VI-4 Data Storage Summary

REQUIREMENTS:

Class B Probe: 106 Bits for Descent Iﬁagery
Class C Probe: 14.2 x 106 Bits over 32-day Period for Surface Science

| ACTUAL OR ESTIMATED

MASS VOLUME POWER TOTAL
CANDIDATE STORAGE DEVICE (ka) (cn3) ) Hedls
1. CCD ~ 0.1 ~ 75 6.7 100
2. Bubble Memory ~ 10 ~ 7,200 ~ 20 14 X 107
3. CMOS ~10 ~ 10,000 ~ 5.5 14 x 108
4. Magnetic Tape (NASA STD.) 6.3 6,080 15 5 x 108

TEXAS INSTRUMENTS _ ’/”’4f,,~"<;\
92 K Bubble Memory —__\\\\\M\%‘\\\* . 2.54 cm

62 K CCD Memory __—Hﬁﬁ‘““‘~=‘h‘_H o

1.25 cm
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Table IV-2 Direct Versus Out-of-Orbit Entry

ENTRY VELOCITY, KM/SEC

HEAT RATES, q--BTU/FT>

TOTAL HEAT, Q--BTU

DYNAMIC PRESSURE MAX. --PSF
DYNAMIC PRESSURE, STAGE--PSF

COMMUNICATION RANGE-- Rpwpvinn

RORBIT

OUT ~OF~
SATURN
ORBIT
4,55
17.5
2,513
60

3.6

1.0

DIRECT
ORBIT

10.4
215
17,028
328

4.1

. GREATER

SYSTEM IMPACT

5X HEATSHIELD

1.7X AEROSHELL
1.14X PARACHUTE

~e1,5% R

ORBIT
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system was dglivered to NASA Langley in the summer Qf'i978 hy
Rockwell International and its cﬁaracteristics are summarized in
Figure VI-6. The power' requirement is high for a very higﬂ data
input/output rate; hpwevér; at lower rates of about 2000 bps the
’power'reéuiremeﬁtsféfé éo@paré%le ‘to other memory syééems at less
than 20 W. Flight quali£§ ﬂuﬁble.memor& systems are predicted by
1980,

A CMOS semiconductor mass storage system was also consid-
ered. The mass storage system contains 107 bits. Since semicon-—
ductors are a volatile storage medium (ie: the contents are lost
when power is removed) and it is desired to have very low power
consumption, only CMOS devices were examined. CMOS is noted for
its very low power consumption while in standby mode and for its
fast read/write cyele times. .The last characteristic is not
iﬁportant in this application however since the data transfer

rate is a very modest 5 x 103 bits per second.
. o,

) Two contemporary CMOS devices were evaluatgdé the Har;is
1M-6508 and the American Microsystems, Inc. 85101L-1. The Harris
device is a radiation hardened high reliability device of the

type in most spacecraft systems. The 85101L-1 is répiesentative

of CMOS RAMS commercially available. The characteristics of the

two devices just mentioned are shown in Table VI-6. The HM-6508
requires 100 pA at 5 volts for 103 bits. The powér consumption
for a 107 bit system would therefore be about 5 watts in ;tahdby
mode. If it is assumed that a maximum of 32 x 103“hits are in
oﬁerating mode at any one time then the éievibus gumhér must be
incremented by .624 W for a total power conSumptién of 5.624

watts., -

Similar analysis of a system based on the §5101L-1 shows

a total power consumption of 3.7 watts.

Both the HM~7508 and S$51011-1 are available as Dual
In-line Packages. Space requirements for the HM-6508 are about
40,000 ems.
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Figure VI-6 Magnetic Bubble Memory Technology
L

NASA-LANGLEY SPACECRAFT DATA RECORDER

STORAGE -~ 108 BITS

WEIGHT -- 21 Kg

STZE -- 32.4 x 32,3 x 13.5 em
VOLUME -~ 14,102 CC
MANUFACTURER ~- ROCKWELL
FEATURES --

- ﬁONVOLATILE .

— SERIAL ACCESS (RELATIVELY LONG TIME)
— DEVELOPING PARALLEL ACGESS

— FLIGHT QUALITY BY 1980

1/0 DATA RATE (BPS)

10M

1M

100K

10K

10G
POWER REQUIRED (W)
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" Table VI-6 CMOS RAM Characteristics

¥

Device ‘ HM-6508 ~$5101L-1
- TechroTogy Base CMOS CMOS.
‘Type Static Static
Organization 1024 X 1 256 X 4
No. Chips Required 104 104

" Size/DIP S V7L @ Vit ™ X 1/3"
Operating Power (ﬁA)’ 4000 22000
Standby Power (uA) 100 10
Access Time (NS) . .20 450
R/W Cycle Time (NS) . 350 < 450
Chips/4K Bytes 32 32

Space requirements for the $5101L-1 are 82,000 cm3. The
above calculations do not include power or space requirements
for the drive electronics, cooling or shielding. It should also be
noted that other packaging techniques, though not as standard as
DIPs, are available. These include hybrid fabrication in which
there is more than one chip per DIP and Hermetic Chip Carriers,
These techniques <€otuld reduce the totai system size by a factor

of 3 to 6.
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POWER AND PYRO

1. Design Requirements and Alternatives,— The Titan probe

power system design is greatly Influenced by the selection of
Titan atmospheric model and probe class, both resulting in dif-
ferent life, stored energy and power requirements, In general,
reﬁotely activated silver zinc batteries have peen_selected as
the primary energy source for both Class A aﬁd.B probes for the
thick and thin atmosphere models. TFor Class C probes, remotely
activated silver-zinc secondary batteries ?gve been selected for
both atmospheric models to provide energy for a minimum of three
encounters with the orbiter. A smail, high performance selenide
radioisotope fueled thermoelectric génerator {(RTG) is provided
to recharge the batteries slowly betweeﬁ re—éncodntérs with the
orbiter and the concomitant data dump. While‘the‘proBe'ia attached
to the orbiter,; all housekéeping powef is assumed to be supplied
by the orbiter. For Class C probes, the RTG will be operated in
a short circuit mode until immediately prior to probe separation,
utilizing the waste heat generated for thermal control as required.

Misston and Enviromment — Key requitrements identified during
the study include: - ’ "

e 7/-year cruise life - . :

¢ Sterilization, no -contaminaticn

e Landing shocks (mominally-300 g)

& Thermal integration for a low temperaéure environment

(150°9K at 30% surface for thick atmpépﬁere moéel; 78°k
for thin atmosphere model) .

e High peak/average poﬁer ratios ’
¢ Re~encounter transmission power (Class B, C probes)
e. Short active mission life (11 to 107+ days)

¢ Low Weight and volume

0f these, probably the most significant requirements are the combi-
nations of 7-year cruise 1ife, high peak/average power, mno contami-

nation, and short active life. These requirements limit potential
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power system component choices, Sterilization has been demon-
strated only for a few battery systems (Zn-AgO, NiCd, and possibly
a lithium battery). High landing shgcks, thermal design and dinte-
gration, and low weight and volume requirements are expected to

represent moderate design constraints.

Pyro Functions - The following pyro functions have been iden—
tified for the three probe classes:
a. Probe Activation.- The silvef—zinc batteries require
remote activation. Also, the ﬁre-entry module must
be jettisoned after observation of the upper atmos-—

phere safence. Total initiators = 5,

[

b., Probe Entry/Descent — During descent the parachute
must be deploysd, the nose cap jettisoned, the para-
chute and.aft cover must be staged, and the nephelom-
eter released. The Neutral Mass Spectrometer and
Gas Chroﬁatograph.va;yes-must be opened/closed.

Total initdiators = 18.

c. Probe Landed Operations - After landing, the equipment
mast is released, the drill is released, the seis—

mometer is uncaged. Total initiators = 6.

d. "Each class of probe requires different quantities
of pyro initiators based on the number of science

activities for each probe type:

2. Design Approach - Design emphasis was placed upon identi-

fying systems which met the probe power requirement§, while also
satisfying the conggmination, 7—year cruise 1ife, high peak-to—
average power, short active iife, minimum weight and small volume
requirements. Power sources considered were primary batteries,
secondary batteries, radioisotope fueled generators, fuel cells,
ram air generators, and auxiliary power umits. Of these, fuel
cells and auxiliary power units evolve exhaust products which

may interact with and/or contaminate the scientific experiments
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or enviromment. For commonality of approach to all probe applica-
tions, ram air generators were disregarded since they could only

supply power during entry and descent,

The 7-year cruise life requirement is severe for battery systems
unless degradation can be 1imited by storage at low temperatures,
by using remote activation, and/or by using battery systems with
low inherent depradation. Of the high energy density batteries,
lithium systems have the potential for sterilization while retain-
ing their low degradation characteristics during wet -stand, Her-
metically sealed NiCd, Nin, AgHz, and remotely activated Zn-Ag0
battery systems also appear capable of meeting these requirements

with appropfiate consideration for degradation.

For probe applications, battery systems are energy limited,
while radioisotope fueled generators are power limited., RTGs and
lithium batteries (which have a low disecharge rate) when sized for
minimum weight to meet the probe energy requirements, may not reli-
ably meet the peak power required.‘ For the longer duration Class
C probes, RTGs may be combined with secondary batteries to provide
both high power and high energy capability in a lightweight system.
For the shorter duration Class A and B probes, both the power and
energy requirements may be met with high energy density primary
batteries for a lightweight, least cost configuration. Redundancy
may be provided in the energy storage system by requiring that the
mission capab?lity remain after one battery failure. The RTG is

assumed to be internally redundant.

The requirement to survive landing shocks of 300 g is much more
severe than current specifications for spacecraft RTGs and remote
activation .systems for batteries. While achieving this shock capa-—
bility is believed feasible, some additional development of these
devices will be required. Lithium primary battery systems could
gvoid the necessity to develop either of these devices, however,
their life and degradation characteristics for such long periods

have not been firmly established,’ Some lithium battery designs
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develop degradation limiting passivating layers on the plates

" while others do not.

Martin Marietta has had extensive experience with silver zinc
(Zn—AgQ) batteries, both. in design anﬁ:app}ication, for long life
primary.and secondary battery applications, with and without femote
activation. Under NASA contract Martin Marietta has @emoﬁstrated
over 100 cycles with sterilized Zn-Ag0 cells, Ma;tin Mafietfa has
also developed the coded switch Batteries used oﬁ USAF Titan miSﬁL
siles. These are 4 A-Hr ZIn-Ag0 secondary batterles which have
demonstrated greater than four year wet stand 11fe under float

charge -conditions, -

CSupIES such as Nickel Hydrogen, Silver-Hydrogen3nZﬁhc.Oxygen
and other metal, air systems have high energy dens;ty at the expense
of high cost and lack of histqrical]performgnég'daté: Thésé sys—
tems are not- readily available and .certainly not sfandard thhlum
batteries, however, are currently being used on the Gallleo space~

craft program and on Shuttle solid rocket boosters and w1ll be
\

qualified in time for use by the Titan Qrobe.

Our iﬁvestigatioﬁ jidentifies .only one power sourée that can
definitely meet all the requirenients of the probe missions, that
has historical data to demonstrate reliability and accurately esti-
mate cost, and although“uniquely designed for this program, “uses ;
ekisting standard ‘design approaches, processes and materials. This
power source is the-remotely activated Zinc Silver Oxide battery
modified to survive a minimum of 107 days wet stand aftér the dry

charge cruise period.

Consider for example a comparison of the NiCd and. the remote .
Zn-Ag0 battery systems. Certainly substantial.historical data
exists for both sources, they are available at.reasonable cost and

are reliable. However, the following should be considered:
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1. Typically NiCd batteries are less than 8 Whr/lb packaged as
new. With degradation allowances for cruise and open circuit

stand this energy density could reduce to 6 Whr/1b.

2. Recharge and conditioning of the NiCd battery requires addi-
tional electronics and more interface between spacecraft and

probe, thus increasing weight, cost and complexity.

3. Typically "Off-the-shelf" remote activated zinc silver oxide
batteries with 6~hour wet life are 5 to 15 Whr/ib. These"
batteries can be designed up to.the 30 Whr/lb energy density
desired but the effort and -cost.would be equivalent to a new

design effort.

4. Remote activated Zn-AgO batteries with 30 Whr/lb energy density
and greater than 107 day wet life are feasible for,the 1985~
1987 time frame. Preliminary design concepts of these ‘batter-
ies have been previously proposed to Ames Research Center by
Martin Marietta Corporation. The increased energy density -
available is 1argé1y the result of an improved remote activa-

tion device design.

The activation mechanism is essentially an electrolyte storage

device that transfers electrolyte to the cells upon receipt of a dis=

crete signal. Two major components are required to fulfill this fune-

tion, the electrolyte reservoir and the energy device necessary to

achieve transfer. . .

1

Selection of the energy device and activation mechanism is some-
what dependent on the requirements of the vehicle system. Enexgy
devices can range from high pressure storage containers, solenoid
initiators, set back shock as in shell fuses, high deceleration of the
battery, heat expansion éevices and electrically ignited gas generators.
In keeping with the philosophy of optimizing energy density the latter

device was chosen for the Titan probe design.

As with the energy devices, the electrolyte reservoir designs that
have been used are many and varied. The most commonly used designs are

the low cost tubular reservoir and the piston/cylinder combination.
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Both types are extremely reliable but at the expense of weight and
volume. The Martin Marietta design utilizes reservoirs that are

ninimum weight and volume.

Lithium batteries appear as viable alternate candidates for the
Class A and B probes, Their degradétion characteristics appear to be
predictable and test ﬁrogréms are in progress at NASA~ARC (Galileo pro-
gram) to characterizé their long term performance. Estimated degrada-
tion is 2%% per year, Because of their high internal impedance, dis—
charge rates are limited to the range C/5 to C/3 with pulse capability
to approximately 1.5 C, Voltage‘regulation for a 13-cell module is
39 to 25 volts requiring a regulator for equipment with more stringent
input requirements, Lithium batteries are not viable for Class C
probes_w@grg}the long life and recharging requirements necessitate use

of secondary batteries.

The RIGs -proposed use saelenide thermoelectries currently in advanced
development and are assumed to be 11% efficient .with a specific power
of 3.5 W/lb. The fuel is PU 238 q,.

fuel, -insulation and thermcelectric power degradation combined are -

Over the 7-year cruise life, the

expected to be 13Z. To minimize thermal cyeling, the RTG is operated
at the maximum power point continuously with a full shunt regulator.
The RTG\haS a dc/dc converter to boost the output vsltage to approxi-
mately, 37 volts for input to the shunt regulator and battery chargers. .,
The chargers are of the highly efficient 1inear‘charge current control
design which operate by sensing loads, battery state of charge, anﬁ _
shunt regulator state to operate near saturation of the step-dowm
regulator stages. Special comsideration in the design of the RIG is
required to meet the 300 g landing shocks. Contemporaiy RTG designs
normally are specified to less than 50g (The Viking Lander Capsule
landing shock was 17 g.)

3. Power Subsystem Designs - The baseline power system design

foxr all probe classes uses the 30 Whr/lb remotely activated, 19 cell,
Zn-Ag0 batteries for energy storage. Because of their long life,

Class C probes and the 32-day extended mission Class B probes use a
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small REG to recharge the hatterdes between encounters with the
Saturn orbiter for data relay: Schematic block diagram& of the
power system concepts are shown in Figure VI-7. Activation of the
batteries (and verification of activation) requires a minimum of six
héurs and is performed while the probes are still attached to the
orbiter. Similarly, all probe power is assumed to be supplied by
the_orbiter until after probe separation. The systems- will be
designed to provide full mission power and energy after one battery
has failed.

The dry charged Zn—Ag0 batteries were assumed to be temperature
controlled in the range -10°C to 0°C during the cruise portion of
the mission to ﬁinimize'degradation. Under these coﬁditions, the
actual cell capacity should degrade less than 7% in 7 years. The
nameplate papacity,(predictgd capacity of the battery after sterili-
zation) has been reduced by a factor of 0.88 té account for the capa-—
city distribution effects of manufacturing tolerances and steriliza-
tion. The final factor necessary for sizing the batteries, given
the load profile, is the allowable depth of discharge (DOD). For
primary battery applications the maximum allowable DOD was assumed
to be 85%, while for secondary hattery applications, a maximmm 50%

DOD was assumed.

Table VI-7 summarizes. the load requirements and mission lifé for
the eight missions identified as options. The required minimum s&stem
battery capacity in watt-hours has been found by adding 4% distribu-
tion losses plus 15% design margin to the load energy, then compen-
sating for the baFtery design, deéradation, and utilization factors
discussed aboée. In the secondary battery applications, the batteries
were sized to meet the more stringent requirenent imposed by the entry,

landing, and initial surface operating conditions.

If 1lithium batteries are used for Class A and B probes, total
capacity degradation of 17% would be expected during the 7-year
cruise. To avoid end of discharge mismatch of cells, lithium

batteries should not be discharged to greater than 80% DOD. In
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Figure VI-7

Electrical Power Subsystem Design Factors
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Table VI-7 Electrical Pcwer Subsystem Summary

ATMOSPHERE
THIN THICK _THICK
(30% SURFACE) (10% SURFACE)
PROBE CLASS A B o Al B c B B
32-DAY EXTENDED
REQUIREMENTS
 ENERGY (W-HRS) 95 263 [322 404 | 812 | 938 812 1456
PEAK POWER (W) 73 103|127 73 | 125 | 127 125 175
ACTIVE MISSION
DURATION (DAYS) 11 11 [107 11 11| 107 43 12
IMPLEMENTATION
BATTERY TYFE* Zn-Ag0 |Zn—AgO|Zn-AgQin-AgdZn-Ag( Zn—AgO Zn—-Ag0 Zn-Ag0
REQUIRED TOTAL :
CAPACITY (W-HRS) 162 451 |552 693 11392 | 1608 1392 2495
RTG POWER (BOL) (W) - - 25 - - 25 12 -
EPS WEIGHT (KG)
(INCLUDES ,
BATTERIES, PCDA, 17 29 41 25 44 57 46 67
ORDNANCE CONTROL
ASSEMBLY, RIG)

#BATTERTES REMOTELY ACTIVATED




addition, under some circumstances, battery capacity must be increased

to maintain the peak discharge rate at less than C/3, Table VI-8

shows that a Class A probe in a thin atmosphere has this requirement.

If an energy density of 200 Whrs/1b is assumed for the lithium bat-

teries, and a discharge regulator is incorporated into the PCDA,

the EPS weights given in Table VI-8 are slightly less than those for
the Zn-Ag0 systems of Table VI~7.
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“Table VI=8 Lithium Battery System Characteristics

ATMOSPHERE
THIN THICK
PROBE CLASS A B A B
REQUIREMENTS

Energy (W-Hrs) 93 263 404 812

Peak Power (W) - 73 103 73 125

Active Mission Duration 11 11 - - 11 11
(Days)

IMPLEMENTATION

Battery Type (Primary) LitAium Lithium Lithium Lithium

Required Total Energy 170 471 724 1455
Capacity (W-Hrs)

Capacity Required- for 261 367 261 446
C/3 Peak Discharge -
Rate (W-Hrs)

17

EPS Weight (kg)
(Includes Batteries,
PCDA, and Ordnance
Control Assembly)

26 19 4




THERMAL CONTROL

1. Design Requirements — The thermal control design require~

ments are a function of probe eclass and atmospheric model with the
Class C probe mission being the most severe conditions. The probe

mission phases are briefly summarized as follows:

Probé Class Mission Phase

Launch, Cruise
Coast, Entry, Initial 32-Day
Descent Surface Surface
X
X X

The Titan atmosphere thermal environment is shown in Figures
JIT-1 and ITII-2 of Section IIT F in rerms of temperature versus

altitude for the thin methane and thick nitrogen atmospheres.

-The steady state thermal losses from a probe on the surface of

Titan were calculated for various conditions and the results are’
presented in Figures VI-8, -9 and -10. These calculations were
based on a compartment temperature of 278 9K (40°F) using an FA
fiberglass and show the effect of compartment surface area and

insulation thickness on thermal heat loss.

2, Design Approach - The overall design approach for the

thermal control system is summarized in Table VI-9 for each probe
class. During the launch and cruise phases the pfobe thermal
environment can be maintained through use of spacecraft support.
During the post separated coas%, entry and descent phases some
additional internal heat source such as an isctope heater is
required. For the extended surfaece operation, additional heat
is also required in the form of isotope heaters and/or RTGs.

For the Class B and ¢ probes, a coolant loop to a base cover
radiator is required in some cases during cruise and coast to

dump excess isotope heater or RTG waste heat.
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STEADY STATE .THERMAL LOBS
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Table VI-9

MISSTON PHASE

Thermal Control Design Approach

PROBE CLASS

£

B

C

Pre-Launch

0 Cooling - Ground
Coolant Loop

0 Cooling - Ground

Coolant Loop

o Cocling - Ground Coolant
Loop

Cruise

o Warming - Isotope
Heaters Plus
Spacecraft Power

0 Cooling - Heat Pipes

Reject Isotope Heater
Load to Probe or
Spacecraft Radiator

0 Cooling - Heat Pipes R
Reject RTG Load to Probe
or Spacecraft Radiator

Coast

0 Wavming - Isotope
" Heaters

0 Cooling - Heat Pipes

Reject Isotope Heater
Load to Probe or
Spacecraft Radiator

0 Cooling - Heat Pipes
Reject RTG Load to Probe
Base Cover Radiator

Descént/
Surfacs .

o Warming - Isotope
Heaters Plus

Electronic Waste

0 Warming - Isotope

Heaters, Electronic
Maste Heat

0 Warming : RTG Waste Heat,
Electronic ‘Waste Heat




Figure VI-11 presents a typical entry and descent time history
of the probe compartment temperature for a 7.6 cm insulation thick-
ness. This case assumed that the compartment was preheated to
306°K (90°F) and internal heat consisted of electrical dissipation
and thermal czpacity of the equipment only. This temperature at
end-of-mission (EOM) is acceptable, however, the final designs for
the Class B probe have the addition of a few isotope heaters to

gtabilize the temperature on the surface. e

a.' Titan Probe Thermal Control Concepts for Surface
Operation - Maintaining the probe interior within operational Timits
on the Titan surface will require an energy source. Candidates
are: )

1. Radioisétgpe heaters,

2. Waste heat from a Radioisotope Thermal Electric-

Generator (Rfi?G} .

3. Battery powered electric heaters, and

4, Chemical heat Sou%cﬁ.

The mission duration (~3ﬁ'géys minimum, on Titan surface)
coupled with the need for electric ﬁqwer for probe operation make
2. or a combination pf 1. and 2. the most viable option, Param-
etric studies performed to date show thétaapproximateiy 200 watts
of thermal energy will maintain the probe éF 40°F on the Titan
surface (worst case methane atmosphere). This can be 6btained from
an RTG that provides approximately 20 Watts‘eléétrical. The RTG

Y
welght will be on the order of 7 to 9 kg. 5

i

]
Once a radioisotope heat source has been selected, a pre-

liminary set of basic requirements for the TCS can be written.

TCS Requirements

1. Pre-Launch <
1. Maintain probe temperature within storage limits Wﬁile
rejecting approximately 250 watts thermal to ground.
cooling system.
2. Provide means for pre-launch checkout of TCS.
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II.

ITT.

Iv.

:Cruise Phase

1. Maintain probe interior within storage temperature limits

while rejecting 200 to 250 watts thermal to space.

Maintain pfobe interior within operating temperature limits
during terminal cruise phase while rejecting approximately
200 watts thermal to space. Probe is separated from space-

éraft.

Maintain probe interior within operating témpexature limits
&uring descent and landed phases while rejecting approxi-.

mately 200 watts thermal to Titan environment.

Capdidate designs are‘summarized in Table VI-10 énd dis~—

cussed below:

o Movable RTG.— Undet this concept, the RTG would be
located externai to the p%obe during pre-launch, cruise
and pre;enﬁfy. Just bfior to entry, the RTG would be
transferred mechanically to the probe interior through
a hole that would be mechanically closed with an insu-
Tated door or plug. RIG heat rejection would be pas-—
sivg, through radiation and.conduction, prior to entry.
Probe insulation would be sized for the iitan atmos—

“phere géfermineﬁ from Eioﬁeer and Voyager information.
-Given ﬁresent knowledge, it would be necessary to
insulate the probe for the thin methane atmosphere
and meéhanically swing away some insulation. should
the relatively warm heavy nitrogen atmosﬁheré be ;

encountered.

o Heat Pipe System -~ Under this concept, the RTG would
be located inside the probe and would reject its heat
through a series of parallel path heat pipes comnnected
to spacecraft and probe-mounted radiators. Prior to
probe separation, the heat pipes to the spacecraft
radiator would be vented and cut with ordnancé devices.

Probe insulation configuration would be similar to
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Table VI-10

Thermal Control

TRADE~OFF MATRIX

CONCEPT

ADVANTAGES

DISADVANTAGES

I. MOVABLE RTG

1-

2.

NO BASIC PROBLEM WITH 7-YEAR
MISSION DURATION.

|
QUALTFICATION TESTING STRAIGHT-
FORWARD.,

RELATIVELY COMPLEX MECHANICAL DESIGN.

. LIMITED TOLERANCE TO UNANTICIPATED TITAN

ENVIRONMENT CONDITIONS,

NO ACTIVE HEAT REJECTION PATH FOR INDI-
VIDUAL PROBE COMPONENTS.

TI. HEAT PIPE 1. NO MOVING PARTS OTHER THAN ‘1. LIMITED TOLERANCE TO UNANTICIPATED TITAN
SYSTEM ORDNANCE.. ENVIRONMENT EXTREMES. (MUST HAVE ATMOSPHERE
7. PROBE TNSULATION ‘SHELL ARAIVES DEFINITION OR VARTABLE INSULATION.)
"AS BUTLT" ON TITAN. 2. ULTRA-CLEAN ASSEMBLY REQUIRED FOR LONG
3. HISTORICAL BACKUP, HEAT PIPES LIFE HEAT PLPES.
NOW HAVE 3- TO 4-YEAR GCONTIN- 3. CONFIGURATION MUST BE CONSTRAINED TO PRO~
UOUS OPERATION HISTORY ON ATS. VIDE OPERATION AT 1 g (PRELAUNCH).
4. REDUNDANCY EASTLY PROVIDED. 4. PROBE COMPONENTS MUST OPERATE WITHOUT
5. MINIMAL QUALTFICATION TESTING, INDIVIDUAL HEAT REJECTION PATHS AFTER
; LANDING.
III. ACTIVE 1. PRECISE TEMPERATURE CONTROL . QUESTIONABLE RELIABILITY' OVER MISSION.LIFE.
COOLLNG L.OOP FOR ALL PHASES. - -2. DIFFICULT TO ESTABLISH QUALIFICATION
2. INDIVIDUAL HEAT REJECTION PATH TEST CRITERIA.
. FOR ANY COMPONENT CAN BE
EASILY PROVIDED. 3. REQUIRES POWER.
4. "REDUNDANCY -OBTATNABLE ONLY WITH A WEIGHT/

VOLUME PENALTY (EXTRA PUMPS).




the Movable RTG concept. The heat pipes to the probe-
mounted radiator would be required only during pre-
entfy They would be de51gned for zero—g operatlcn
only and would automatlcally turn off upon encounter-—

ing atmosphere.

) Ac#iﬁe Cooling Loop - This concept is similar to thé
Heat Pipe System concept, except that—pump driven
cooling loops would replace the heat plpes for heat
rejectlon during all mission phases, 1nclud1ng post—
1aﬁa1ng The loop connecting the probe ifiterior, with
the probe-mounted radiator Would be activated at probe
separation. Th;s loop Would be avallable, however, if
a partial failure of the spacecraft loop occurred dur-
ing cruise, This design would succeed with either

atmospliere now postulated, without movable insulatien.

The most fiexible, dependable{ and certainly the most elab-
orate thermal control system would be'a combination of the Heat
Pipe System concept and the Active Cooling Léop concept where heat
pipes would be used during cruise and a pump driven cooling loop
would be activated at probe separation. This design is probably
justified only-if no more precise definition of the Titan thermal

environment is established before the design must be finalized.

Given reliable data from Pioneer, Vo&ager and continuing

astronomy, the Heat Pipe System concept is recommended.

Data from present and future spacecraft systems using heat
pipes will be available to justify or reject this preliminary

recommendation.

3. Summary of Thermal Control Designs — The thermal comtrol

designs are summarized in Figure VI-12 for the three probe classes
and the thin and thick atmospheres. The subsystem element thermal
characteristics are given in this figure and their corresponding

welghts are given in the detailed equipment list breakdown of
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Figure YI-12
- . .

Thermal Control Design
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Table V-2: The steady state heat loss is based on surface opera-
tion conditions which design the Class B and C probes. For the

Cilass A probe, the isotope heaters are provided for the coast phase
whe;e the thermal heat loss is much lower than on the surface where

atmospheric conduction dominates.
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VII.

CRBITER SUPPORT REQUIREMENTS

OPERATIONAL SUPPORT REQUIREMENTS

1. Ground Checkout -~ See Table VII~1l. The Saturn orbiter

must provide subsystem support (structure, thermal, power, tele-

communications) during checkout. The spin mechanism for release

-~ of the probe inte Titan must be checked out also with the probe

dttached to the orbiter.

2. Launch and Cruise — The following environmental and inter-

© face considerations must be developed.

a. A structural field joint is required to mate with

the probe between the adapter truss and the orbiter.

b. The pyrotechnic shock levels, solar absorptivity
between the bioshield base and orbiter, wibration
levels, propulsion products éontamination, ord-
nance combustion products contamination, orbiter
RTG radiation protection, alignment, thermal comn-~
trol (to supply heater power and dissipate the

probe RTG heat load) must be further investigated.

c. The bioshield cap should be separated from the probe .

during cruise.-

3. Special Operations — Cruise checkout, GCMS bakeout angd

vent, and preseparation checkout'are the operations requiring

orbiter ‘power to the probe.

&4, Separation Sequence - The orbiter will have to perform the
following activities during separation: )
a. Spin up probe (with a spin table or by spinning the
orbiter). " .

b. Orient the probe to the inmertial attitude for entry.

c. Release probe.
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Tahle yIi-T Launch Site Operations

o  RECEIVE/INSPECT

o VERiFIcAEION TEST
o PREPARATION

o MOVE AND MATE ORBITER/PROBES

o CRBITER/PROBES INTERFACE AND SYSTEMS TEST
o  PATHFINDER TESTS

o  SPACECRAFT ~ SHUTTLE TESTS

o DEMATE AND MOVE

o  INSTALL FLIGHT HARDWARR

o SCIENCE AND SUBSYSTEM ’I:EST .
FLIGHT COMPATIBILITY TESTS (RELAY LINK)
STERILIZATION:

PREPARE FOR MATE

MATE AND LOAD GOMPUTER

VATE WITH SHUTTLE

LAUNCH

-

o]

=]

o o O 0

 MARTIN MARIETTA.



2.

Maneuver the orbiter’ for proper timing and flyby
altitude for communications through the relay
link.

Separate the bioshield base from the orbiter.

5., Ogbiter Flyby - Tnitial Encounter -

a.

The orbiter relay antenna (0.9 meters, diameter)
must be peointed and slewed or step wise positioned

(+129) through a 140-degree total angle.

The orbiter recorder must hgve the eapability of
receiving and storing data for transmission to Earth

(~15 x 10° bits).

6. Orbiter Flyby - Re—encounter

a. The orbiter must maneuver for the required flyby
radius to suypport the relay link,.

b. The orbiter sequence must include initiation of
recording of the relay link data at specified times.

c. The orbiter relay antemna must be pointed and either
slewed or step wise positioned through a 140-degree
angle,

d. The orbiter must transmit ta the probe to activate
the probe. (Probe also has timer as backup.)

e. The orbiter will then receive probe data and store °
for transmission to Earth.

B. BELECTRICAL INTERFACES

The crbiter/probe interface must support.the power, command,

and data requirements anticipated in Table VII-2.
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Table VII-2  Saturn Orbiter/Titan Probe Electrical Interfaces
R T R N LN .

POWER

o UNREGULATED 28 VDC, 300 WATTS MAXIMUM ‘CONTINUOUS TO TWCQ 150-WATT REGULATORS
o FOR CRUISE (CAL, C/0; B/O, VENT)
0 TFOR SEPARATION )

COMMAND

o ACTIVATE PROBE SEQUENCER
o PYRO ARM/FIRE/SAFE FUNCTICNS

o REMOTE ACTIVATION OF BATTERIES

o SEPARATION MODE

o 6 WATT, 100 OHM RESISTANCE HEATERS ,
o ORBITER GENERATED READOUT ENABLE AND CLOCK PULSES
0 PRESEPARATION C/0 '

o COMPUTER TO PCDA

o SEQUENCER UPDATE .

EMC
o' COMPATIBILITY
DATA

o TUMBILICAL FOR SIGNALS
o CRUISE DATA POWER SOURCE

o PRESEPARATION C/0 DATA AT TWO DIFFERENT RATES
{650 BPS, 2000 BPS)
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TITAN PROBE PROGRAM PLAN AND CQST
PROGRAM APPROACH

The program is based upon fabricating-two flight—type probes,
One is referred to as a Proof Test Model (PIM), the second a .
flight article. (The .RTM is. a flight backup unft.) 'Two sets of
System Test Equipment (STE} assembled in twgq identica;'vang.are
used for all test operations of the two probes. The basic strue—,
tural parts for both the PTM and flight article will be fabri- B
cated using one tooling setup. The PTM will De assembled firét,
and with simulators for compénents, suﬁjected to a series of’
tests to bbtain an early confirmation of the'dynamic environment’
for all components. Also, early vérifiéation is obtained that
critical mechanical aligmments sre within allcocatfons following
exposure to significant mission enviromments. The PTM is ;hen
reassembled with qualification hardware .and subjected to the
series of proof-level enviromnmental tests including a thermal

vacuum test.

The PIM testing proves the probe deéign will meet the mission
reduirements with adeqﬁaﬁeimargin. Theféfore,-the flight -article
will be subjected to only vibration and thermal vacuum tests to

prove workmanship.

The PTM is ‘a complete, operational spacecraft, fabricated to

flight article drawings, using flight—type hardware.

Following completion of environmental testing in Denver, the
PTM and its STE Van are shipped to the JPL for compatibility
testing with the Saturn orbiter. 'Eollowing this test they are
shipped back to Denwer -and the PIM is used for the final system

level testing of the flight software, configured for shipment,

and then sent to KSC. The STE Ven is also shipped to KSC.

Meanwhile the flight article is assembled and checked out,
subjected to the vibration and thermal vacuum tests and configured
for shipment to KSC. These activities require use of the second

STE Van set.
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PROGRAM PLAN

The program plan is shown in Figure VIII-1. It is based upon
an Authority to Proceed (ATP) of 1 June 1983 and a launch date of
January 1987. A two-month projeqt reserve is shown which can be
utilized if unforeseen problems arise. The key milestones, in
addition to those above, are the spacecraft Preliminary Design
Review (PDR)} and Critical Design Review (CDR); flight software PDR,
CDR, Test Readiness Review (TRR), Acceptance Review (AR), and
flight article and PTM on-dock data at EIR.

Program Assumptions - The following ground rules and assump-
tions were used in,éevéloping the Budgetary Cost Estimate and

Schedule included in this wvolume.
1, Titan Praobe program ATP on 1 June 1983.

2. Phase B Study and Critical long lead activities will

pre¢ede the 1°June 1983 program start.
3. Single launch on Shuttle is assumed.

4. Ames is Probe Program Manager, Martin Marietta will per~

form aill probe integration functions with the spacecraft.

5. The science payload is GFE. All science is delivered

to Martin Mardietta-by 1 August 1984.

6. Science instruments do not have to be returned to

suppliers for final calibration.

7. No receiving bench tests are required for the science

instruments.

8. Martin Marietta will provide science interface docu-

mentation.

9. Science simulators are GFE. The simulators are represen-—

tative for mass, electrical loads, and thermal properties.

10. The Saturn orbitar interface tool is GFE.
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11.

12.

13.

14.

15.

16. -

17.

18.

19.

20.

Martin Marietta will have access to the hardware speci-
fication from VO '75, Voyager, Galileo and other NASA

programs which used the hardware selected for Titan Probe,

The Jupiter probe software and supporting documentation

will be made available to Martin'Marietté.

Martin Marietta will perform all spacecraft operations
at the ETR through mating and checkout with the Saturn

probe and publish prelaunch activity reports.

No mission operation activities are required for Martin

Marietta.

Martin Marietta is responsible for the foiloﬁing MAED
effort:
a) MA&D Plan
b) Mission Profile Specification
c) Mission Design Review

d)} Reference Mission Design
e) Operational Mission Design

Martin Marietta will perform the following major.functicﬂs:

a) Probe Planning and Control

b) Probe Integration

¢) Science Integration .

d) Probe Test Planning

e) Probe Prelaunch Operations
A PTM will be built to flight drawings and will be used
for environmental testing, orbiter compétibility testing,

final flight software validation, and spare flight article,

Component/subsystem qualification will be performed only
on that hardware which is new or has major modifications

to it.

A1l offsite to Martin Marietta facilities will be provided’
GFE.

No Earth orbit spacecraft checkout will be performed

which requires Martin Marietta support,
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21. The Martin Marietta effort is complete at the time of
launch except for issuing a final spaceeraft report,

22. No mission support software is required from Martin

Marietta.

PARAMETRIC .COST ESTIMATE

1. Introduction - Program costs for the Titan Probe mission,

as shown in this section, were developéd by analagy. Our Cost
Analysis Data Base (CADBR), "upon which. these costs are based; con-—
tains actual cost data collected from previous programs such. as
the Titan ‘series, Viking, Skylab, Pioneer Venus, SCATHA, and many
others. Wherever possible, -the estimated cost for.a given compon-
ent or subsystem was arrived at by multiple methods;-i.e., a piece
of structure was estimated by.dollars per pound, dollars per unit
surface area,-and. by analogy to’ previously built structures of
similar complexity. This technique applies a test.of reasonable-

ness" that any single method 1acks and.helps preclude grosSs errors.

Similarly, costs for non-hardware portlons of the probe mis-
sion were estlmated u51ng CERs (Cost Estlmatlng Relatlonshlps)
relating program, complexlty and duratlon to requlred manpowver, as
well as other comstituent parts relatlng to program management and

e

administration.

2. Costing Ground Rules and Assumptlons - The follow1ng ground

rules and assumptions were used for this cost estimate.

o Ground ‘Rules

-~ 2 Spacecraft — 1L Flight, 1 PTM
- A1l $ are 1978 § .

- Manufacturer startup.costs are reflected in selected

procurement items
~ Costs to integrate procured and GFE components are

reflected at the compeonent level.
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o -Assumptions

~ Certain Viking hardware as well as selécted hard-
ware from other previous missions is available to
us as GFE

= Shuttle interfaces are limited to latching mechanisms
similar to the IUS mechanisms

- Saturn orbiter interfaces are described elsewhere

o Management Task Labor Estimates

Program Management Task Labor estimates were estimated

_.based:ppon bhistorical factors from previous programs.

~ Engineering Administration was estimated at 3% of
the total Engineering manmonths, .. :

- Contrapt Requirements and Documentation, Planning
and Cost Management and Manufacturing Production
Cotitrol were estimated at 15% of the total Engi-

neering manmonths. -

o Material apd Subcontract Costing Approach.

The Material and Subcontract estimate for the Titan
Probe is Eased upon‘new prScureﬁent, rebuy/refurbishment

‘ of Viking and other program hardware, and procurement of’
NASA standards:

Wherever possible, advan;age was taken of existing, flight '
proven hardware. Where applicable, appropriate startup
gosts were estimated, based on the complexity of the™
equipment, the quantity to be procured, and the status

of the supplier.

3. Other Program Costs Comparison ~ Three different programs

were reviewed for amnalogy to the Titan Probe. These were:
H

a. The Pioneer Venus Large Probe (Martin Marietta Phase
C/D proposal updated to 1978 dollars)
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b. The Vlklng Lander (updated to 1978 dollars and norma—

112ad for non—reéurrlng R&D costs)

c, The estlmated Gallleo cost (see Table VIII—l)

Comparison included changes due to probé usage and design (i.e.: .

1

no Attitude Control System). - o

»

The Viking Lander can be compared to the Titan Class C =

probe with the following reductions. (Seé Table VIII-2) -

The cost-of the-Class B hard lander differs from the cost of ¢
the Clqsé"ngyobe_}n experlment 1ntEgrat10n (5 less experlments
on B), power (no RTG on B), pyros, telecommunlcatlons (no recelver'
apd command detector on B). In addition, a sequencer on B could
replace the computer used on C. The test . program dlffers by the

HECN

surface life requlrements for’ the two probes. e e - e e

Rationale for dIfferences in co§5§‘between thBAdlffEIERt
glasses of Titan Probes:
. Struqtureé and Mechanisms - The more science instruments,
the'more‘cqmplex are the mechanisms and housings. 1In
addition; the size of the probe increases as the science’

complement increases. The soft lander requires addltlonal

R L I B

design and development.

b. Parachute - The differences are strictly caused by weight,

[

c. ;Thermal - Study of thermal problems on the Titan’ surface -
increases . the de51gn,comp1ex1ty )
d. Power — Addition of the RTG on the Class C probe\incréageé

cost.

e. Aerodynamics and Stability - Development testing costs

increase with landing requirements.

f. Communications — Two-way communication requirements for
the Class C probe add to its cost. The Class A probe
uses a smaller transmitter because of lower link

requirements.
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TabTe VIII-1  Other Program Costs

Pioneer Venus (BV) Viking Galileo

Large Probe Lander (V1)  Probe

Project Management 3.3 M : 43.1 M
Systems Engineering ’ 5.5 4 78.7 M
Probe Subsystems 23.6 M 135.3 M
Experiment Integration 0.5 M 6.8 M
Systems Integration, ‘ ‘

Test, Launch 3.5 4 88.3 M
Product Assurance 2.3 M 33.4 M

8.7 M 385.6 M _35*4? M

Table VIII-2 Normalized Costs of VL Compared to Titan C Probe

Normalized VL Titan C Probe
Power - 1/4
Electronics - ‘ 1/5
Structures - ) 173
Thermal - ) 3/4
Test and Launch ’ ‘ - ’ 1/10
Software - 1/8
Experiment Integration - ' 5/6

NOTE: Cost for Project Management (10,6%), Systems Engineering (25%),
and Product Assurance (4.6%) are percentages of the cost of
the rest of the probe.
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Data Handling - The Class C probe has a large recording

requirement.

- M LA
¥ - . 1

. GBE — The Class A probe-interface requirements are much

less than the other classes of probes.

LI

Software -~ The soft lander has an‘attitude control !

- computational requirement.

System ﬁeﬁelopment Hardware ~.Same

s .o v ' )
Sé¢ience Accommodation — Cost is based on the number

of instruments. ;
. . - N % - - - "

Test and Launch Support — Test complexity varies .as -to

time active on the Titan surface; hard or soft landing

Propulsicn - Only the goft, lander has a propulsioén

system
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APPROACH AND MODEL COST SUMMARY

For the Titan Probe, costs were developed for each subsystem
contained in the program Work Breakdown Structure. Input data
required for each item or grouping of items within each subsystem
were derived from the subsystem equipment lists. Emperical data
sets derived from Viking, Space Shuttle, SCATHA, or Titan. actual

cost experience were used for each dtem as appropriate.

Table VITI~3 is a cost summary by WBS element for the Titan
Probe. A few elements were not calculated because the input data
required was beyond the scope of this study. Where a cost was

not available from the model, the analogy cost has been used.

Table VIII~-4 presents the cost summary for the baseline pre-

entry science module depicted in Figure V-23.

Table VIII-5 is a summary of the additional cost incurred for
the baseline Class B probe when the mission surface operational
time is extended 32 days to allow for increased science measure-
mentg and a re—encounter of the orbiter for a finallscience data

transmission.
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Table VFII-3  Cost Summary

Cost Ranges

. _Class_
;ii WBS A B B c
Ll Hard  Soft
-— LT : Land Land
Titan Brpbe 1.0
- Probe Subsystems 1.3
Structures & Mechanisms 1.3.1 5.1 11,0 24.0 4.4
Parachute 1.3.6 1.1 3.4 3.4 3.4
Thermal 1.3.2 1.0 2.0 3.0 3.0
Power 1.3.3 4.0 5.0 4.0 5.5
Aerodynamics &:Stability °1.3.7 0.6 2.7 8.0 2.7 -
(ApS) Do R
Commupications 1.3.4 2.5 5,5 5. 8.0
Data Handling 1.3.5 6.5 6.5 9.0
Ground S?pport Equipment 1.3.9 5.0 9.0 .0 11.0
Software“ﬂFlight) 1.3.8 1.0 1.5 2.5
Sﬁzzgﬁzrgevelop?e“t C1.3.10 0.8 0.8 0.8 0.8
Propulsion : ~Beparate - - 10.6 -
- Science Accommodation- v1.4;3 ‘ 1.Q 2.6 2.5 3.4
= Test & Launch Support: ’l.ét 3.4 6.7 18.8 8.8
- Product Assurance (4.64) i~ 1.5 1.5 2.5 4.7 3.3
- Systems Engineering (25%)‘} 1.2 8.2 13.9 25.5 ’18.1
- Project Management (10.6%)l 1.1 i 3.5 5.9 10.7 7.7
Titan Probe Total 46,2 78.0 143.7 101.6
40-50 70-80 95-105
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Table VIII-4  Cost Estimate for Titan Probe Pre-Entry Module

Probe Elements Affected:

o Subsystem: Structure, Mechanisms, Pyro, Thermal, Aerodynamics, GSE

O Science Accommodation for Four Experiments

O Test

Project N\anagément
Systems Engineering
Probe Subsystems
Experiment Integratioﬁ

Systems Integration, Test,
Launch

.~ Product Assurance
Total

Note: Science Instruments Cost Not Included (GFE).

Million
$0. 3.

0.6
11
0.9
0.5

0.1
$3.5

MARTIN MARIETTA.
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Table VIII-5 Titan Class B Probe Cost Estimate for Surface Operation Change

32-Day Extension of Surface Operation Wili Result in Additional Costs Caused
by the Following Changes:

- Adding RTG (GFE) and Base Cover Radiator

- Additional Analysis of Experiments in Operation on Surface
- Additional Testing and Deveiopment

- Additional Thermal Analysis

Estimated Cost Increase for 32-Day':Surface Mission:

) Million

Project Management o F 805
Systems Engineering 1.2
Probe Subsystems 2.8
Experiment Integration 0.2
Systems Integration, Test .
. and Launch 2.0
Product Assurance: 0.2

Total Cost Increase ) o | $6,9

Note: RTG Cost Not I ncluded (GFE).,




WORK BREAKDOWN STRUCTURE

1.0 Titan Probe

1.1 Probe Project Management

1.2

1-3

1.4

Probe Systems Engr

1.2,1 Systems Analysis & Regquirements
2.2 Interfaces and Configuration
2,3 Verification Requirements

2.4 Launch & Crew (Shuttle) Ops

2.5 Design Integration

2.6 Reliability Engr

2.7 Mass Properties

2.8 Environmental Definition

1,2.9 Probe Mission Analysis

Probe Subsystem Design, Fabrication, Development and Qualification

1.3,1 Structural/Mechanical

Aeroshell

Mechanisms

Pyro Devices

Science Instrument Support Hardware
Probe Shell

Thermal Control
Aeroheating Analysis
Heat Shield
Thermo-Physics Analysis
Insulation Coatings Phase Change

. =
.
(6, B SV R LI

[ ] - »
L]
LR b

.
-

Power & Cabling

Telecommunications (Transmitter, Oscillator, Antenna, Recelver/
CMD Detector, RAD)—

1.3.5 Data Handling, Control and Computation (Transducers, Signal
Conditioning, Processor) .

Parachute

Aerodynamics & Stability

Flight Software

Ground Suppart Equipment

1.3.10 Systems Development Hardware (Simulation)

e e R e Nl e e Sy ey
- . -
.

L]
Witw WwWwwbww Wwwww
I PR D NN e el e
»*

.

Probe Assembly and Verification

L.4.1 Prcbe Assembly

2 Probe Bus Verification

3 Science Payload Integration
.4 Probe Verification

5 Verification Software

1.4.6 Launch Site Operations

1.5 Product Assurance
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IX. CONCLUSIONS'®

This study has defined the technical requirements, conceptual
designs, sciencé return and schedule/cost ifplications of three
probe classes foxr use in 'Titan exploration. ‘Bdsed on these study

results, the following coficlusions have been made:
- )
o All probe classesd are feasible‘in both the thick and thin
’ atmosphere. The thin atmésphere designs require-a para-
7 . . chute to.provide sufficient descent time for.science,
-tj--while the thick atmosphere designs require additiomnal
ot -

battery power to accommodate lengthy descent times.

L]

o - The-hard. lander; concept is a.practical design approach
for the Class B and C:probe/landers. The hard. lander
.configuration provides:
= .~Good dimpact stability ., ,

et ¥, -~ Low, penetration on igce or smow

-~ Flotation on liquid surface
... - . --‘_ - s 1" 1 ’

-0+ ‘The Class B -probe meets the overall science requirements

without major developments. The Class B probe is 1.5 m

in diameter with a mass of 227 kg:‘

o The Titan probe masses required to meet the sth&y-mission

requirements are:

Thick Atmosphére ' }'fhiﬁ Atmosphere
(30% Probable Surface) '~ (Worst Case)
Class A - s T R
. Atmosphere Probe 114 kg 113 kg

Class B - - ' ) . ' T

Atmosphere/Lander 226 - T 227
Class C~ -~ - i A

Expanded Atmos- .

phere/Lander 351 355
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The Titan probe program costs required to meet the study

mission requirements are;

Class A ~ Atmosphere Prohe $40 ~ 50 M
Class B - Atmosphere/Lander $70 ~ 80 M
Class C - fxpanded Atmosphere/Lander  $95 -105 M

Impact of thin versus thick (30% Probable Surface) atmos—

phere on design is minimal.
\

Thick (10% Probable Surface) atmdsphere increased Class B
probe design weight by 30% over that of the 30% probable

surface.

32-day extended mission time increased Class B probe

weight by 107 and program cost by 9%.

Soft lander concept increased Class B probe welght by 17%
and program cost by 84% due to the increased, complexity

of the guidance, attitude contrel, and terminal propulision.

The pre-entry science module program cost is $3.5 M not

including the science instruments which are assumed GFE.
The primary mission design drivers are:

- Atmospheric uncertainty
— Surface physgzéi characteristics uncertainty
- Eight-year flight time prior to probe operation

- Data volume required to support imaging
The major hardware uncertainties are:

- Surface sample acquisition .at low ambient temperature
(70 to 100°%)
~ Properties of mechanical devices and materials at low

ambient temperatures

No major mew technologies are required for the Titan probe
mission. However, some critical hardware development is

required as defined above.
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X. RECOMMENDATIONS

Recommended areas for future study include:’

0

Titan physical properties model including atmosphere,

surface, and light level definitfon,
Pre—entry science implementation,

Impact on probe system design of direct entry rather
than out-cf-orbit entry as baselined in the current

study,

Science sample acquisition and handling at very low

ambient tempevatures (70-100°K),

Properties of mechanical devices and materials at very

low ambient temperatures (70-100°K).
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APPENDIXES

JPL TRAJECTORY DATA

Thie appendix presents the ‘trajcctory position data for the
orbitexr and probe as received from the JPL.. Data shown include
orbiter stand-off distances (radius at ppébe'engryl of 10 RT’
20 Ry and 22 Ry.. Definitions of parameters and conditions
included are descfiBéH‘iﬁ:%hé gftacﬁéd23£eets,'



Notes to Titan Probe Entry Data

1.

10.

Probe entry is assumed to occur at r = 3200 km with an entry angle of
-30° The first table for each case uses probe entry time as the zero
point of time, which is expressed in seconds.

RC is the radius of Titan.

latitude and longitude are fixed to surface of Titan.

" Probe_ phase is the angle betweén the Titan-probe 1ine and the Titan-sun

line. A phase angle of less than ~90° implies that a body on the surface
of Titan is in sunlight.

A1l cases have been targeted such_thaf both probe and orbiter are at
the same (Titan) ldtitude at entry time while their Tongitudes are
such that the orbiter is lagaing the probe by 30° of longitude at that
time.

The probe travels ballistically down from r = 3200 km to the surface
of Titan at r = 2916 km.

In the second table for each case the zero point for time is redefined
as the time of periapse of the orbiter.

The aépect angle is defined as being the angle between the negative
of the velocity vector (relative to the Titan atmosphere) and the
vector from the probe to the orbiter.

A1l azimuths are with respect to the N. pole of Titan.

Relative Tongitudes are based on a zero point of the longitude of the
orbiter at periapse.

Cases presented:

2 Titan encounters. are -considered:

a) Coming in on a 1:1 resonance with Titan with probe
entry at: 94/08/05, 11:51:56.
x ¥V, = (3.8851, _ -16.3113, 34.4068)
|Vo| (ks=1) deci. (deg) R.A. (deg)  Titan Equator
System.

b) Coming in on a 2:1 resonance with Titan with probe
entry at :  84/07/20, 13:12:27.
Vo = (3.8825, -19.3648, 17.7766)

For each case the orbiter is delayed 30° in longitude with respect to the
probe at entry. The standoff radius is taken to be 10 Titan radii and
20 Titan radii for each case.

For each of the 4 combinations time resolutions of 10™™ and 1™ have their
resuits presented.
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Case # Orbit Resonance Standoff Radius/Ry
1 1:1 10.
2— 3 -0
3 1:1 20.
4 13 20,
5 2:1 10.

—B 2:3 15-
7 2:1 20.
8 2+3 20-

(O

g Vo
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Q) ks : Peprt--r 2ol

Sdies . DATE CA2a7e FAGE =i
PROGE ORBITER PROUBE CANOPUS FROM OKBITER L£AN SEE
. tiHg - R/RC  LaATITUDE -LONGITURE R/RC LATITUDE LONGITUDE PhaSE ELEVeANG, AZIHUTH  canoPusy
"SYJHRIIun!-«l:ntlﬁlﬂl“lthn-a-lu:l‘l-llnﬂsass..gg-au-nninanu-ﬂn-t-lﬂnl-un-gn-nnngalagu-nnaulslnn--a-:n.-u:-s...s:-ln'nl--ﬂ.-.-cmnll:'lﬂi
i “7£00,4 10+582 18.288 - 181,094 27.751% bbbt 165023 27e504 1s19% 22045496 YES
2 | =halll.l 74773 18,150 181,228 274070 6.23p 1644257 27477 24217 22C.He8 YES
3 “5uGh G 84962 1650723 180.470 25,2394 5,808 1634383 264022 24977 22u.282 YES
4 “Suyl,0 8,1%5] 17,930 179.594 25,723 5,302 152512 252833 3777 220,298 YES
5 “haltd.Q 7e¢33% 17,751 1784561 25.057 4,672 141604 Z4e993 Y4659 22042141 Yes
s “g 2040 54527 17,523 177,212 © 24,398 He1%6 160657 230744 SeS5ub 220122 YES
7 m35U04C SallH 574022 175.757 23,745 J.871 159,667 224600 belu) 220eud} YES
B LRI I 4,952 16,8058 173,745 231,100 J.216 ibBe634 20eclY Tel32 21¥.Y28 YES
e ~2-00,.,0 4.5%1 16+1%a 17t.010 22,442 24726 157544 ldedd2 Bed77 2174842 T3
ig ~1030.0 1.28) 194229 le7.034 214432 24108 1550408 laebbdd G4583 21947494 YES
11 =t2h0.0 244087 13.501 16G+8671 21.212 1,444 (5542184 betibd 10753 4194044 YES
12 “avdeyy o720 F.101 1984914 2n.4602 «THha 1234958 5eR28 Lie%93 219<443 YES
3 i 12097 ~.p00 142,810 [Z0.00%] SG0% 1374635 370185 13.307 219.439 TES
14 Uy [«000 “'“l.ua9 1324094 19,4516 e 784 155242 434245 fae?(1 21Ved34 YLS
] 12660 1+000 ~4,n8% 1i2:094 la.a42 »leb20 149,772 43egoh 1aelis 2174227 YES
14 120040 1.000 =t By VI2.0694 15,282 ~2.507 1584219 424543 L7748 2lvetie YES
17 2400.0 te0pU 4,089 1iZ2.094 17,738 =3,447 1464577 H2e792 19413 219.u07 YES
18 1p50.0 14000 =, 089 124099 V7.212 -4 iy 144040 Y2e841 210379 218894 YES
19 300,90 14000 =4.p89  112.094 Lso7o4 =5,498  143.000 424490 23+052 236,778 Yis
20 423C,0 1.000 -4,,09 112,094 15,217 ~Ga612 141 +0%0 474339 FLRYIRY 2ib.tb7 YeS
21 4n3deu - Fs000 4,089  112,.p9d 15,753 ~7,786 1384983 Y4z74188 274138  210.53p YES
22 5.21,0 1. 050 4,089 112.0%4 15,314 . »9.020 1364792 424038 290354 214,392 YES 5
23 45u8.0 1000 =4,p8% 1122074 14,501 -30s312 IETTR TS Y4y 4687 31e6%2 218a241 YES 7
4 &oul,.D 1.0g0 wy,nb7 it2.0v4 14,518 wllasdtg 132008 45736 U148 210,067 YES
?-25 720C.0 i«000 =489 112.094 14,166 »13,057 129403 414588 dse721 217,88) Yt 3 gg
P 26 7a3%.C 1.000 “4,587  112.p9¢ 13,089 =§4.497 lisesnt 41435 39.403 21/.608 YES F
o 27 a423,0 Jel0u =4,089 112,094 13568 _ =15.%69 _ 123¢747 . _ 414285 _ H424183 217,284 . WS . .3
T2 7g00.5 T 1.000 T FU0BY T TUI2,094 T 13,326 ~17.462 0 12p.493 HpeldB UG WGHT7 216 .B87 YES Qv
27 5600.0 1.000 =4,a89 t12.094 13,124 =18.961 117449} 4ne9b% 47975 216ad1l2 YLS S
.ag 1025040 1.000 -4 . p89 112,094 12,948 -20,448 11he149 Ypedldld Sge%4p 2ibens? yes ) gx
31 10800,0 14000 -4,g89 112.094 12,852 =21,906 110s675 Upes82 53.%10 Z14.568) YES .
32 11%30.0 te00U 1,089  11Z.094 12,784  =23,315 107086 4pe533 540847 213,210 YES r
32 126a0.0 1,000 -4,38y 1124094 12,762  =2%,658 $03.4p1 $pedB2 594706  21L43¥S YES
34 125630,.,0 100U ~4,p8% 112.094 iz,787 «25,%15 §9+642 Ype232 422432 208.982 YES
35 13z00.0 14000 4,589 112,094 12,658  =27,074 954836 Hpeps2 baeFbb 2052820 YES
3s 13000,0 1.000 “4,p89 §12.094 12,975 28,122 12011 3ge¥az 674239 2034757 YES
a7 14409.0 4- 1.000 ~4,p89 112,094 13,136 =2%.,051 80198 394782 694177 1964682 YES
aa 15300,.0 1+000U ~4,n8% 112,094 13,340 =2%,858 B4,924 39632 7oe7p8 150,292 YES
3% 150482 1.000 ~4,5BY Li2.094 i3,585 304544 Bpe718 Ivenb2 Tie?74 183,855 YES
40 16250,0 1.000 ~4,089 112,094 13,3538 “dlekll 77e8p2 dvean2 7243218 176,244 YES
%1 145400 1+000 “4,087 112,094 14,188  =31.566 73.592 39. 182 7244919 168,864 TES
42 17408.0 1,800 -4,08% 1124094 18,642 ~3]l,717 Tha222 35:032 724070 1614995 YES
43 1840040 ¢ 1.0G0 4,087 112409% 14,927 ~-32,178 bhe904 A8ebod 71374 15549¢3 YES
45 16800,G 1s000 =4,087 1124094 15,342 ~32.355 636553 Jue733 7oe42gp 15048%0 YeS
45 192500 1.0a9 4,089  1l2.094 15,783  =22.,459 Gpye953 39eby23 696291 146475 YES
a8 1769G,0 1,050 4,989 112.09% 14,748 ~-32,501 584564 384434 69.054 143,937 ¥LS
47 20423,0 1.000 i ,n8% 112.054 16,737  =3Z,4%) £5,524 dorzat bre759 90,813 YES
%a 2E030.6 140Gy “qy,pB89 112,094 17,246 =12.4938 53,040 3634 T EPLLIR 138,74%s YES
49 2100046 ¢ 1.C00 -y, ,p89 112,094 17,773 ~-32,345 bueb7é 17985 644832 13,148 TES
50 22208.¢C 1.050 -y 89 I12.094 18,316 *32,245 484455 37836 £24844 135.85a rES
51 22aG8,0 1.000 =~ =4,pd% 11 Z.0%4 iun,8779 32,0062 464360 37480 414549 1349884 YES
52 234G0.0 l.080 -4 .89 112,074 19,453 ~31499 4,385 37537 bped?5 134,090 YES
53 24:L0.0 1.009 at, ;89 112.09% 204041 -1, 743 42524 37+388 594256 133,485 YES
54 20600,0 te00D ~Hh,p3y 112,094 2D 641 ~1i.h5é 40+783 3/e23% Seali4 133.C1s YES
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SuKae BATE Ueldve Fabe “7—-3

RELATIVE PROBE.QRS1TER GEOMETRY ASPECY PROBE PROBE CRBITER

1 TIKE RANGE ELEV.ANG, AZINUTH ANGLE rgbeVvel, FoP oAy FePeAZs LAY, REL,LONG, LAT, REL.LGHNG,
3--3:n:l8”1‘a:sn--"li-llwﬂxls“-nnIlIulllln-uu“lll.‘..-IlaillllﬂﬂlslﬁlI‘K-n!‘.ﬂ-ﬂaﬂﬂ-'--ﬂzﬂxﬂﬂth‘Bﬂﬂ--ll--nalllﬂﬂn‘!‘l‘-u.ll!l--l'ﬂ
1 =1%109,5 18,165 58,83 2344799 37,282 A.974 =82,164 261 434 18.288 b%4,500 beed) bla5C2
2 =~iBus0,9 i5e235 hy,760 2344337 37.253 3,980 ~Ble8%é FYYRAA T 18190 69,124 bscdl Luvevd
3 ~17v07.5 18,287 5%.320 265,780 - 37,220 3,587 84420 copeblH 18,072 s8,374 Seuls 5F.861
4 =1738..5 18,340 59,0988 235,094 37,181 3,995 ~5(.8Y2 2speu0’? 17930 074501 Le362 S8,955
G =18780,3 18,394 50,7%8 234,230 37,134 4,005 “80s214 256 edbQ 17751 bo 467 4,892 SB,GE3
&€ ~15180.5 184450 6}4002 233,108 37,075 - h.01l8 =7%e320 2lebn? 17523 bhe218 YeasTs 574135
7 ~15500.5 18.309 63.0678 231677 36,959 4,035 “78s152 2Lue)BY 17.222 63,662 d.u7) Sea.145
3 wriuvd0,.5 18,571 H%,751 2294277 356,897, 4,558 =764547 2574400 1ee8ps hledSg d.31é Sb.10¥
9 ~14380.% 18+639 67.p35 229.917 364747 44009 Tye2a} 256487 16178 58,718 2028 b4%,uih
10 «13780.5 18.713 70,300 219,626 db,.508 4,134 " =7p.8p06 ébgell? 15229 eq,r4] 24106 Sz,8a7
11 -13;58C.5 18,79¢ 75,158 204,587 s, b2 44207 5656104 253+509 134501 HE 4577 ettt BleaY2
12 =1258C,% 16,707 78,7086 150720 3s,y28 4,337 ~54,324 2510025 94803 36.b2) sl SCe43e
13 =11+80.5 194860 56,344 89,993 A epi? 4,457} =30«003 24pvast e QOO I1Gebds ;0% LEFERL
14 =~} 1382,S 18.652 48.ull 65,226 41,189 +CDO «(00 edUD 44 UEY Junp - ~a784 47,740
15 =15758G.5 teg.0614 50,352 87:356 39,646 f U0 s000 «Uo0 ~ e QUG s wlesdy HYa, 290
18 ~130i30.5 17964 Sieg72 LaasdT? 3d, 028 N ) «gQu 00D -4,0E9 TTTTS w2abvlU? 4y, 857
17 -95849,.5 1te%20 53,474 f.0133 6,324 » 0G0 «00% sQQ0 nHe0b9 augg c3e487 434454
18 ~5553,5 16,37% £5,4%7 91,857 34,543 «GOG «000 00 ufeQB% 000 a4y 4is218
19 -8:5G.5 15.854 57.32% F3.879 22,679 «00D - s000 +000 4,069 ©  LUGO «5.4%8 3% 4478
2C -7780,5 15,350 99,25 96,274 3g.742 «000 «0puU +000 “4,089 wUO0 ~baall 37 .52Y
21 =7ivSa% 14,859 614259 7,143 28,7493 «G00 « 0ol »U0d =4,08% «L0G w7.78¢8 PR
22 —h5060.5 14,4914 63,302 102620 24,698 000 s0oC s00Y -4 ep89 «uo 94020 Ad. 270
23 ~5yo0ds5 13.987 65,355 106,885 24,645 «000 sGoo *U0G 440879 «0Q0 wbUL3L2 30.947
?’24 ~5380,% 13.590 47,3068 112,189 22,632 «000 «L00 + 000 “qa(EY <000 =lls660 i, qlea
= Z5 -472a0,5 13,227 69,262 i16,752 204738 000 000 W00 wiq,009 000 13,057 25,.,8d2
O ze  ~4i35.5 12.?00 T0.527 1264924 ig9,073 «C0O +000 suul =y4oQud «GUo ~l4a4%7 23,129
27  «3580.5 12.612 72,208 135,066 17.792 . 000 v0o0u (U0, RLTLULLE _elGn m15.7v69 20,4225
£87 T=2940,% 7 T 12.38677 F20937 T I®e.HIYVTT t7.068 «000 “e000 0RO -is089 2LUD w17 e462 1ia123
7 -23€06.5 12418% 72.9%1 j6D.902 17.05% «000 000 GO “Ha(B9 sboo wlHaYol 1d.vig
ag «}7ales 12.61¢0 72166 173,198 17,834 +300 +000 su00 , =4s089 « 800 ~20e4is | 1Cebe7
a3l »1138,9 11.90% 70,653 164,292 19,347 000 +0gY 000 4,089 2000  =214%06 7alh4
7 =5eCe5 11,848 604534 193,671 21,466 «000 «000 sU0U0 ~4ypl9 o Lit m234415 4,846
32 1¥.56 11,842 6L .967 2014312 24,033 sofip 000 QU0 “ya0EY «0Gp 2440548 ~elcl
3k 6195 11.287 63,075 2074453 256,705 «000 000 » 00 -4 (389 200 =254915 ~3,880
as 1219.5 1i.782 &0.037 212.386 29,963 0L «GOU 00U 44089 VLT, «270u7Yy =7a86b6
36 tul¥.5 12.126 94,084 216,379 33,114 +G00 « 000 «3g0 e QlY +LO0 wldeld2 wllsblld
a7 2417,3 12.317 53,704 219.644 36,294 +000 GO0 (a0 rlqa B9 «L00 2905} *15,324
as 359,35 12553 50+5556 222.350 AIs . 444 000 000 <000 4,089 «Lo0 n29%2u58 =1%.0%8
39 161%.% 12,83 474472 224,616 42,528 «Q00 «GG0 2000 nie 089 » 00 w3Uely r2daaln
40 4219.5 13.,14% 44,462 226,534 45,518 «000 «000 2000 -4 pEY 006 ~3lell} “2b 420
41 4817.5 i3.50b 41,605 228.17s 48,395 <000 «000 LGl =4 o GGV 20y =3lsbbe =&%.9z4
42 541%9,5 1i.8%4 33.35"" 229s592 51.[“'6 « 000 + 000 s G0 w089 sLOO “il.?iq =13,3060
43 601745 19,314 db4234 230.B26 $3,766 « 100 « 000 «Qud 4,089 «0G0 =324178 Ti6,5348
44 651745 14,743 33,747 231,908 4,203 2000 «000 . 2 QOO -H,089 00 =324345 *3%,623
45 721%9,5 15,239 31.294 212,853 58,406 «00g <000 + 000 4,089 © #0000 =32,459 “42,548
46 761945 i5.738 29,470 233.7%2 60,830 «QQo 000 Y]] =qoQlY +04Qo w3Zesill) ~HhG 307
47 BY %00 14,2585 27071 2344470 52,929 000 ‘w00 <000 =4s06F <000 32491 ~hTevv?
53 9;17.5 loo7%8 2%.p%1 235,151 by ,909 #0500 + 000 e -4,089 «000 32,438 LG, 4492
qv Foi1F+5 174355 23,223 235,74% 66,777 «GOO s0g0 *u00 -4.08% « 000 =32sdin =5z u40
55 1021%7.5 17.929 21,462 2354324 48,538 » 000 «goo shug “nel89 000 =)2e22% =S5.067
5; 10ci¥a.5 ig«5(0 1% .a0y 236,827 7 Tpez00 »0Ga +0GU s (00 ak EY U0 =32eub2 “51.361
52 T14E%5 1794147 184231 237,288 71,269 +GOD «0ul UGG =y ,QH9 «000 w3le?l® “59,126
52 1224%,.5 19.720 lo.740 247,710 73,282 QUG sl s LYo -H B¢ «Uao 31,72 =&1,0L0

Sh 12637.5 ‘20e354 15.234s 238,097 14,459 « 0G0 $Dyi s uGl mhelOY sUGl »3lebSe uda b
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ENLE N
5E 12219,5% 20.%848 I*.Dl? 238,453 ?5‘9‘83 + 000 « 000 000 4,089 + 000 ~3la362 .6q'“23
5L j2a:7,s 21.639 124758 238,782 (77,242 « 000 »000 + 000 “4,089 U0 =31.1862  =45,9%)
57 14%19.2 22426} 11.562 23%.085 7B.438 «00g 00U . U =4,089 000 w3dUe959 “hlenl7
=5 iSC17.5 224929 10.q927 239.3466 794573 2000 +000 *0LDU “4G89 Lo “30.75% 68,848
57 i55:9,5 23604 Vedt? 239,427 8p,653 +000 . +000 +000 ~4«CHY #0000  -~30.55} “luesz2l
64 162:5,5 249,278 B.317 237,849 81,682 « 003 60a +000 4,089 00 w3Uest¥ =7} ,489
55 temi%,5 24,953 7.3% 240,054 82,664 2000 000 P0U0 ~4.069 000 =30.if8 m7Z.6v0
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TITAN PROBEe® 2C T{TAN RADI] STANDQFFs DATE Q92178 Favi 2

Ting PROBE ' ORBITER PROBE caAnQPUS FROUM QRBLITER (AN SELE CrulipR
i {5eC5,.) R/RP  LATITVUDE LONGITUDE R/RP LATITUDE L ONGITUDE PHASE ELEVsANGs ALIMUTH  CANGFUS? AabeCl
nnﬂsag-ue:n':-u.l-itl-nlgﬂnsal-lgl.--u-lm-:.--;-z--‘-a.'.gauunun-stau.ss.:g.,uuuuannu-u:sgznun:.::.u-laisnvlunnnlnl‘tulﬂﬂﬂtls:nlll:l“l&
T ~7200.0 — 104623 194142 182¢148 27.3%6 7.0%1 1424354 29«78% 14002 219,782 YLS EEPS YY"
2 =taC0.0 9.809 194040 121,463 254657 bo582 1414029 294303 15057 215788 Yes ELESR N
3 ~uLO040 A,92%5 18,917 tén.7264 240331 44102 139,649 2Be7 2% J&elb2 21541230 ¥LS Ihei12
q =540,0 Be160 18,747 1794852 254819 54597 138,222 Zas040 17e20b 2194778 YES ER RN
5 wug)d,9 74365 18,581 1784820 254,322 E.073 1364747 279200 1BleSAb Z14,401 YLS db.p%)
& ~4200,0 &e54% 18,342 1774572 244541 4,522 135,222 o lb2 19.687 FA R ETITH YES EEFRAR
7 ~3509,0 5,733 18,027 176,019 24,377 3,950 1334646 24sbUs 2C+%hy 213.54) (ES ddavde
=} ~3.L030,0 49417 17,591 i74.010 23,930 34352 §i32.018 23sud7 2242587 2130032 LS *3Aevu§
9 «240u3,.,0 4+102 16,954 171.28) 234502 2730 1304338 2pe524 234606 2l2.6bH YES . 33l ¥
] ~160340 34293 7 154943 1674314 23,195 2,083 128604 lovd 25 294996 212,043 YES 332
1t -1200.,0 o 2,473 19,128 160959 2z,707 1,412 1264816 ipedba 26427 211,997 YES J3esZd
iz ~aild,0 16729 1Gs248 1d9e254% 224342 «717 [24,97% 4ed03 274897 2il.012 YeS ddenil
13 +d 1097 -+ 000 123,08} 22,000 -eQ0C} 123,078 29909 2902 21388 YES 3des78
14 600,0 tepoe 4,275 I12.818 214683 we?4} 121130 Hoe972 I0e¥39 209710 Yes 344239
is 1209, te000 4,275 1124415 2143%0 -1.501 119,529 Yped2d 224505 208,%0) YLS Jess8y
P& 1800.5 l.000 4,275 1124215 21,124 =2,280 117,079 Ygesl2 244095 2B 199 R Joanbd
17 25uts 0 1+G00 4,275 112.615 204,885 »)o075 1144980 Hpeb22 as.7u2 207435} YLS Y1455
i8 Aciu9.0 I«000 =Yy, 275 112.5615 2p.674% w),B83 112,837 4ped72 374320 2064437 YLS 434,78
19 KT I 1,004 4,275 1124615 20,493 4,703 1lpe65} Ypecsd 3B.94% 2554827 YES LERELF
20 2200, t1.000 4,275 112,415 2p.241t 54529 lgg. 424 4peut2 4Gabh9 U4 4358 YLS 47 65}
2t Gald D) 1+000 4,275 1124615 20.220 ~be3b60 lusa. 170 3vev22 CFRREE 203,186 YES BLar54
-22 540tl,0 10063 4,275 112.818 204130 7,190 103,884  sve/l?2 43739 201 %18 YLS blesaH
23 &00.0 1000 m4,275 112,615 20,072 =8,017 1084574 d9¢622 HE 4282 2004235 55 ERER P
o 24 sbud,y 1400 «l 275 1l12.4615 20.046 =6.8456 9942440 396473 ube/B} 19F. U89 Y& S 97a35L
,L 25 T4ul,Q t.000 4,275 112,435 20.051 ~9 4643 94.%0a L5e323 yBe22 1974842 YES LR A
(=1 2] Tedlen Leguod 42275 112,415 25,089 . ~10,4385 94 458] 39173 w9596 195714 YES PRI
27 B400,0 1.004 275 . HiZ.615 20+158 - =ile?08 929217 Avet29 SGelF2 193 4be3 YES at.ui?
2& 000, 0 w000 w275 b12.415 20,259 ni}e?5H 49,879 3senly 52+100 191,692 YES . Gheuby
? YenT,0 l.000 =427 112.415 2043%1 12,4683 87,554 ABe725 534211 169,608 ¥LS LY el Uy
3g jezpd,0 l.000 “4.275 ~ 1124615 204853 » =i3.281 854249 3845875 4218 187,617 Y&3 T1edi}
31 10803,0 1000 -4,275 1124615 20,744 -14,049 82,968 duellb Ebellb 1Bh 334 LS 73.708
32 PR RHLRN bs+Quo nt] 275 112,615 20.9465 wiH#,5088 80717 3brg7? 644897 182,97, YES : Ta.p9h
33 126U, 0 1000 “§a275 1124615 21,214 ~15428% 784500 3bel27? Saebb2 180s5562 YES Foygre?
34 1250LG.0 1.000 =Yy ,275 1124615 2].48% “15488] Toed23 37978 E7+111 1784115 YES BGcpUD
s 132ub,o 1.000 4,275 112.6)5 214771 mwibe3?9 74,188 d1e829 57 ¢5%n 175,080 YL3 62vil3
Js 138G0,0 1.0080 - o275 1124415 22,117 wlbe904 ‘72100 37400 “574B09 173.22} YLS BHa61
37 18900.0 1,000 4,275 k12,615 2244467 ~174376 70,089 37531 58047 1764820 Ye3 busws
38 15002.0 1+000 i, 275 Jl12.4158 22,840 «174817 66.070 37382 GHeZUA TLILET ¥Ye£s Els70Y
¢ §S60U,0 1.+000 =4,2758 11245618 23.215 wiBe220 b64122 372233 E2e235 lébd 1o YES BYebLla
490 16200,0 1000 4,275 152,415 23.550 «58+606 b4 ,247 A7ayB4 G8el 82 164,061 YES Flexls
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COMMUNICATIONS LINK ANALYSIS S i

-y .

Probe-orbiter communications link geometry :(range and.gspect
angle) were calculated using JPL data from Appeédix A and:entry
trajectories data calculated by Martin Marietta. Fox trajectory
times prior to Fhe entry interface (3200 km radiusjg bothkorbiter
and probe radi;i-distaﬁée ané.sﬁb—latitide-and longifuﬁé data are
from Appendix A. For times after the entry interface hés passed,
orbiter data are from Appendix A and probe radius, flight path
angle, heading angle and latitude-longitude position are from

entry trajectories run by Martin Marietta.
Communication link geometry equations were derived as follows:

Orbiter Lat-Long ——> ALoyg

—Probe Lat-Long

Spherical View

Titan Center

Cos 8 = Cos (ALAT) X Cos (ALONG). : (1)

B-1



Orbiter r (Range Orbiter~Probe)
Probe/Lander
R
0
J In Orbiter-Probe Plane
2_ .2, 2 _
r® =R+ Rp Cos 6 (2 R, RP) ‘ (2)
1 ( R sin a)
= 180 - si —_—
B in = )

The angle between the probe velocity wector and the probe-
orbiter line, aspect angle A, is developed as follows in the probe

_ velocity vector axis system:

L-V sin Y

Orbiter

R sin (B-90°)

Z_R cos Apcos (g-909)

Y
\——-R cos (B~90°)

vProbe



—

R = ~-i R Cos Ap Cos (B~90°) + j R sin AY Cos (B-90°)__
+ k R sin (B-90°)

—h

A
~-iV Cos vy + kV siny

<
i

—

x| =—i Cos M) Cos (B-90°) + j sin Ay Cos (B-909)
+ k' sin (B-90°)

- Yo

|3| = -1 Cos v + k sdn v

R.V= |R| {v]| Cosi

(-i Cos AY Cos (B-90°) + j sin AV Cos (8~90°)
+ k sin (g-90°)/r
—

e (-i Cos yv'+ k sin Y)

Cos * = Cos M Cos Y Cos (B-~90°) + sin Y sin (B-90°)

A= Cos“l [sin Y sin (B-90°) + Cos Y Cos AY Cos (B—QOOﬂ

vwhere:

s o= 270° = [y = fal

1pp = heading of probe (trajectory. data)

n o= Cos_l (tan A lon =%

tane)

(4)



